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October 13, 1995

Ms. Verneta Simon

On-Scene Coordinator

U.S. Environmental Protection Agency
77 W. Jackson Blvd., HSE-5]

Chicago, IL 60604

RE:  Report for Characterization Investigation Gamma Radiation Survey, Lindsay Light
II Site, 316 E. Illinois Street, Chicago, Illinois -- STS Project No. 27313-ZH

Dear Ms. Simon:

Attached please find the above-referenced report. We have included only those sections
which were revised from the previous report. The instructions below describe which
sections to discard and where to insert the attached material.

Volume I

. Please remove and discard the entire text section from the Title Page through Section
5.0 References. Replace with the attached text section which now extends through
Section 6.0 References.

. Insert Table 5a in the Tables section after Table 5.
Volume II

No Change

Volume I

. The first data pages, double sided, pages 0000001 and 0000002 of the "Isotopic
Uranium" section (approximately 65 pages from the front) should be discarded and
replaced with 0000001 and 0000002 Isotopic Uranium Analysis data table pages.

. At the end of the "Isotopic Uranium" section, 66 pages farther back, insert the new
section "Uranium Isotopes by Alpha Spectroscopy”. No discard is associated with
this insert. The insert is immediately in front of the "Chain of Custodies" header
page.

STS Consultants Ltd. .
Consulting Engineers

1415 Lake Cook Road
Deerfield, lllinois 60015
708.272.6520/Fax 708.498.2721
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. Approximately 60% back is the section "Isotopic Thorium". The first two data pages
0000001 and 0000002 should be discarded and replaced with the new 0000001 and
0000002 Isotopic Thorium Analysis data table pages.

. At approximately 80 percent back is the "Gamma Spectroscopy" section. Remove and
discard pages 0000001 through 0000004 and replace with the attached Case Narrative
and data sheet pages 0000001 through 0000004.

Please contact us with any questions you may have regarding this matters.

Regards,
STS CONSULTANTS, LTD.
21,

Richard G. Berggréen
Principal Geologist

cc: J. D. White, Kerr-McGee
Charles Gardner, Chicago Dock & Canal Trust
Vincent Oleskiewicz, Baker & McKenzie

cheproj.27313-ZH. revsec.wp5.jm
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October 13, 1995

Ms. Verneta Simon

U.S. Environmental Protection Agency

77 West Jackson Blvd. '
HSE3-5]

Chicago, IL 60604-3590

RE: Response to USEPA Review Comments Letter Dated August 18, 1995, Lindsay
Light II Site, 316 E. Illinois Street, Chicago, Illinois -- STS Project No. 27313-ZH

Dear Ms. Simon:

This letter and the attached revisions are in response to your letter dated August 18, 1995.
With these revisions and responses, we anticipate the submittal will be acceptable to USEPA
and can be approved. We have included an affidavit in accordance with Section 24 of the
Administration Order by Consent dated January 27, 1994 (AOC). There being no payments
due under the terms of Section 25 of the AOC, the Respondent (The Chicago Dock and
Canal Trust) requests written notice from USEPA per Section 25 of the AOC that the
Respondent has demonstrated, to the satisfaction of USEPA, that all of the terms of the
AQOC, including any additional tasks consistent with the AOC which USEPA has determined
to be necessary, have been completed.

In addition, we wish to clarify the usage of a term in the referenced report. Throughout the
report, we refer to the monazite sand, building debris contaminated with monazite sand,
thorium nitrate derived from the sand, or finished or discarded gas mantle parts as the
source for the gamma radiation detected. The use of the term "source" is intended to refer
to a source of radiation, and not "source” as opposed to "by-product 11(e)2" classification
material determination by IDNS. This clarification, in our opinion, does not require any
revision to the subject document.

We appreciate your prompt response to these submittals and welcome any questions you
have regarding this matter. The following responses are numbered to refer to your
comment numbers.

"Letter Attached to Report”

1. Executive Summary Comments
- Item 6 - The scenario deserves a separate section. It should not be presented
solely in the Conclusions section.

STS Consultants Ltd,
Consulting Engineers

1415 Lake Cook Road
Deerfield, lllinois 60015
708.272.6520/Fax 708.498.2721
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A separate section, 4.0 Elementary Radiological Risk Assessment, has been provided
to present the risk assessment scenario previously included only in the Conclusions
section. The Conclusions section is now Section 5.0.

- Item 8 - At the end of paragraph 1 it is stated that "This will be corrected" and
at the beginning of paragraph 3 it is stated that "We propose...." If this has been
done it should be stated as having been completed. Has it been done?

The comments should have indicated these revisions have been made. Both changes
were made in the Report dated July 26, 1995.

General Comments
- Item 2, paragraph 1 at top of page 3 - A MDA of 20 pCi/g for the Th-230 is quite
high. Please explain.

The quality control documentation for the laboratory specifies the MDA. The
laboratory report indicates the MDA for Th-230 by gamma spectroscopy is 20
pCi/gm. This MDA is judged appropriate for this nuclide, in this matrix and by this
method.

Specific Comments

- Item 9, last paragraph - The K-40 concentrations seem substantially above
background. Explain why these levels are not deemed to be indicative of
contamination or of other contaminants.

The material submitted for chemical and radiological analysis is classified as fill.
Urban fill soil consists of a heterogeneous mixture of soil, building rubble (brick,
stone, mortar, metal, glass, wood), cinders and ash from fires and fumaces, paving
stones, curbs, asphalt, cement and foundation debris, etc. As such, it will be expected
to have a wide range of chemistry and lithology.

In reviewing the National Council on Radiation Protection (NCRP) Report No. 94,
December 30, 1987, Table 4.3 presents a summary of concentrations of major
radionuclides in rock and soil. Recognizing the percentage of potassium and,
therefore, the concentration of potassium-40 will vary with the mineralogy of the soil
and rock, the K-40 naturally occurring background concentrations include values
greater than 27 pCi/gm in granitic rocks, and average 10.8 pCi/gm in soils. The
range and variability evident in the fill soils analyzed appear to be consistent with
these values, particularly when referring to background values in the urban fill.
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"Report”

Volume I, Executive Summary

- Page iii, para. 2 - It should be stated in the text that Ra-224 has no gamma
emission and, therefore, will not be detectable with gamma spectral analysis. State
the surrogate.

The following revision has been made to the referenced paragraph to identify the
surrogate detections.

"The gamma spectral analyses measured concentrations above minimum detectable
levels for eleven nuclides. K40, T1-208, Pb-210, Pb-212, Pb-214, Bi-212, Bi-214, Ra-224
(surrogate detection by Pb-212), Ra-226 (measured as Pb-214), Ra-228 (measured as
Ac-228), and U-238 (measured as Th-234) were detected frequently enough to be
confidently identified."

- page iii, para 3 - The text should deal with the fact that U-235 at 12.8 pCi/g is
extremely high, not indicative of background levels. Explain why this level is so
high.

The U-235 concentration of 12.8 pCi/gm by gamma spectroscopy has an uncertainty
of +18.7 pCi/gm, resulting in a possible concentration between 0 and +30 pCi/gm.
Note that this sample is not from a background location and is not represented as a
background level. That sample, CD-S78E18N-2-3, was reanalyzed for uranium
isotopes by alpha spectroscopy. The Case Narrative reports that the comparison of
the U-234, U-235 and U-238 results indicate the sample is of natural isotopic ratios
and is not enriched. Additionally, in all of the samples analyzed, the U-234 and
U-238 results are nearly identical, further indicating the absence of any enrichment
or depletion. The text has been revised to reflect these results, which are also
included in Table 5a.

Volume 1, Section 3.1.1. - The discussions for Areas 3,4, 5, 7, 8, 9 and 12 should
make note that contaminants appear to go beyond the area boundary. In the case
of areas 7 and 12 this indicates potential offsite contamination. Paragraph 2,
sentence 2 on page 20 should reflect this as well.

The discussion for areas 3, 4, 5, 7, 8, 9 and 12 have been revised to reflect the
potential for contamination beyond the area boundary. The revisions include
comments regarding areas 7 and 12 indicating potential offsite contamination.
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- Page 21, para 3, sentence 2 - It is a major omission to not have recorded and
reported data that would deal with the potential for offsite contamination. The
fact that there are still somewhat elevated readings over the concrete south of
Region 7 is significant.

The omission is acknowledged.

Volume I, Section 3.4.1, page 32, para 3 - After decades in situy, it is very surprising
that the Thorium Decay Chain is not in equilibrium. What explanation is offered
for this?

When analytical uncertainties are taken into account, and a small, systematic error
in the ITAS/Quanterra gamma spec data is considered, the results indicate that the
Thorium Decay Chain is in secular equilibrium.

Table 4, Gamma Spec Analysis - Explain why, when the Ac-228 line is so strong,
that there are data gaps in the Ra-224 data.

In that a surrogate is needed for Ra-224, the Quanterra gamma spec report failed to
identify the Pb-212 photo-peak which Quanterra uses to measure and report Ra-224.
The Ra-224 concentration can be calculated from other photo-peaks in Quanterra’s
gamma spectroscopy report included in Volume III of this report.

- Explain in a footnote that Ra-228 does not have a gamma emission and, therefore,
has been found from another radionuclide’s gamma.

The requested footnote has been added to Table 4.
- The T1-208 data has not been corrected for branching.

We acknowledge that the T1-208 data has not been corrected for branching. A
footnote to that affect has been added to Table 4.

- There are no footnotes 1, 2, 3.

Footnotes 1, 2 and 3 have been added to the first page of Table 4.

- Table 5 - Normally the U-235 activity is about 4.5% of the U-238 level. There
should be a discussion on why sample CD-S156E49N-2-3 is at only 2.4% and

sample CD-S78E18N-2-3 is at 24.5%. The latter is a significant departure that could
influence cleanup protocols and the number of cleanup criteria. .
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See response to Comment 4 regarding analytical uncertainly. When uncertainties are
taken into account, the relationship between U-235 and U-238 activities is ambiguous.

The uranium isotope ratio was reanalyzed by alpha spectroscopy. The case narrative
reports that the U-234, U-235, and U-236 results, when compared for each sample,
indicate the sample exhibits natural isotopic ratios with no evidence of enrichment.
Additionally, in all the samples analyzed by alpha spec, the U-234 and U-238 results
are nearly identical, further indicating the absence of any enrichment or depletion.

Table 5a has been added to present the uranium isotope by alpha spec data. The
alpha spec data are included in Attachment E.

- Table 6 - An explanation should be given as to why the Th-230 results do not
conform to the U-238 and U-234 results.

See response to Comment 4 regarding analytical uncertainties. All results on Table
6 include large uncertainties. Additionally, processing of the monazite ore which
occurred on the site would have separated the Thorium-230 from the uranium. No
revision to the report is proposed.

Figures 3-14 and 3-14A - Elevated data in linear north/south and east/west lines on
these figures should be discussed. Does this pertain to subsurface features such
as piping?

The linear features, both north/south and east/west result from the software used.
A comment to this affect has been added in Section 3.1.2. The area alignments,
generally east/west, appear to be coincident with the storm drain. This is best
illustrated in Figure 3-1.

Equilibrium Charts - All these charts show disequilibrium in the thorium series.
This would not be expected based upon the decades the thorium has been in the
ground. An explanation should be offered.

The explanation of the apparent disequilibrium in the thorium series is that the
results suggest a small systematic error in the Quanterra gamma spec analysis. The
existence of that small systematic error does not affect the utility of the analytical
results. Acknowledging the small systematic error, the data are consistent with
equilibrium, within the analytical uncertainty. No revision to the report is proposed.
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10.  Volume III, Data Summary, page 0000002, Quanterra Data Table - There are unit
problems in this table. Under the heading Aliquot, grams and liters should not
be tied together without identifying the form of the sample. None of the time
related columns has units.

The Data Summary Table pages, page 2 for isotopic uranium and page 1 for isotopic
thorium, have been revised. New pages from the laboratory specify the aliquot units
as grams (deleting reference to the option to use liters), and indicate the time units
as minutes where previously no units were specified.

We appreciate the opportunity to work with you on this project. Please contact the
undersigned with any further questions regarding this matter.

Sincerely,

STS CONSULTANTS, LTD.

M ?’ I

Richard G. Berggreen
Principal Geologist

Attachment

cheproj.27313-ZH. revcomts. wpS5.jm



SS

A

AFFIDAVIT

‘In accordance with the requirements of Paragraph 24 of the Administrative Order by
Consent for the Lindsay Light II Site, Chicago, Illinois dated January 27, 1994, the
undersigned certifies under penalty of law that based on personal knowledge and
appropriate inquiries of all other persons involved in preparation of the report entitled
"Report for Characterization Investigation Gamma Radiation Survey, Lindsay Light II Site,
316 E. Illinois Street, Chicago, Illinois", dated October 13, 1995, the information submitted
is true, accurate and complete, to the best of my knowledge and belief.

Certified by: %// §) 5«\—{4/1,@——
Date: Cclotten /3 /??S

Notarized by:

My Commission Expires:

(Seal)
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REPORT FOR CHARACTERIZATION INVESTIGATION
GAMMA RADIATION SURVEY
(REV. 2)

LINDSAY LIGHT II SITE

316 E. ILLINOIS STREET
CHICAGO, ILLINOIS

EXECUTIVE SUMMARY

This report presents the results of a site characterization investigation of the property
located in downtown Chicago, Illinois, bounded by East Illinois Street on the south,
East Grand Avenue on the north, North Columbus Drive on the west, and North
McClurg Court on the east. This report is the result of the implementation of the Work
Plan for Site Characterization Investigation, approved by USEPA May 13, 1994. The
objectives of the investigation were to identify the location and distribution of
contamination at the site, document the concentration and source of radioactive
materials at this site, and determine whether the material exhibited characteristics of
hazardous waste.

The areal distribution and location of the radiological contaminants were evaluated
through an overland gamma radiation survey of the site using both a sodium iodide
(Nal) detector and a tissue equivalent doserate instrument. These surveys were
conducted site-wide on a 6 x 6 meter grid and on 1 x | meter grids for areas exhibiting
elevated gamma readings.

The surface survey results show consistently low background readings with distinct and
elevated gamma readings greater than the average background plus two standard
deviations in a few discrete areas. These data suggest the surface surveys are capable
of identifying the areas of gamma-emitting materials with an accuracy of about 1 to 2
meters for the contamination borders. The overland survey measured gamma radiation
ranging from background levels of 2484 counts per minute (CPM) at 1 cm elevation to
over 100 times area background level, maximum reading of 6.26 x 105 CPM. The
largest area and the area exhibiting the highest readings was the previous location of
the stable building which had housed the Lindsay Light operations. An additional
eleven (11) smaller areas also exhibited elevated gamma readings. Recognizing that the

-
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Lindsay Light operations occupied the building for more than 15 years (from 1916 to
1932) the walls and floors of the building may have become contaminated by the
monazite sand which was stored and processed in the building incidental to Lindsay’s
gas mantle manufacturing operations. The smaller areas separate from or adjacent to
the building footprint may represent monazite sand-contaminated debris from the
building spread as a result of demolition and subsequent site grading. These areas may
also have been contaminated due to the sand, the processing residues, the thorium
nitrate. or gas mantle parts spilled or discarded during transportation or handling of
these materials.

The surface radiation data were evaluated and eight locations selected for down-hole
gamma surveys to explore the vertical extent of the radioactive materials. The down-
hole gamma logs generally extended to as deep as 6.5 meters, and one which reached a
maximum of 9.6 meters. Several profiles encountered obstructions which prevented
deeper penetration. One complete profile was surveyed at an apparent background
location; three complete profiles and two obstructed profiles were surveyed at
transitional gamma radiation locations (one of the complete profiles may reflect
background conditions); and two complete profiles and one obstructed profile were
completed at locations showing elevated gamma radiation readings. Soil samples were
collected from one background location, two transitional locations and two locations
showing elevated gamma radiation. Laboratory analyses were conducted for waste
characterization and radioactive evaluation.

The vertical profiles of gamma radiation that showed the elevated gamma levels are
limited to the upper 2.5 meters, with the majority of elevated profiles occurring from
0.5 to 1.5 meters below the ground surface. Subsurface background levels were
generally less than 50 counts per second (CPS) (less than 3000 CPM). Transitional
levels were in the range of 800 to 1000 CPS (48,000 to 60,000 CPM). Elevated
gamma locations measured 9000 to slightly more than 11,000 CPS (540,000 to more
than 660,000 CPM). In several transitional and elevated gamma profiles, two maxima
were noted, suggesting two layers of contamination at depths of approximately 1 meter
and 2 meters.

11
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These overland gamma and down-hole gamma surveys define in general terms the
distribution and location, both horizontally and vertically, of the radioactive
contamination.

Analysis of the soil samples consisted of three components: gamma spectroscopy
(spec) analysis, isotopic thorium and isotopic uranium analysis, and RCRA hazardous
waste characterization.  The two samples tested for RCRA hazardous waste
characterization did not exhibit results which would cause the material to be classified
as hazardous waste.

The gamma spectral analyses measured concentrations above minimum detectable levels
for eleven isotopes. K-40, TI-208, Pb-210, Ph-212, Pb-214, Bi-212, Bi-214, Ra-224
(surrogate detection by Pb-212), Ra-226 (measured as Pb-214), Ra-228 (measured as
Ac-228), and U-238 (measured as Th-234) were detected frequently enough to be
confidently identified. These isotopes are either naturally occurring isotopes, can be
readily identified as counting artifacts, or are present in the natural decay chains
(radionuclide breakdown products) of uranium and thorium, present in the monazite

sand suspected as the source of the contamination.

The three highest gamma spec measurements were subsequently analyzed for isotopic
uranium and isotopic thorium. The elevated gamma radiation samples measured
maximum concentrations of 71.5 pCi/gm U-234, 12.8 pCi/gm U-235, 52.3 pCi/gm
U-238. 334 pCi/gm Th-228, 263 pCi/gm Th-230, and 342 pCi/gm Th-232. Reanalysis
of the highest gamma spec uranium concentration sample by alpha spectroscopy
measured 89.6 pCi/gm U-234, 10.4 pCi/gm U-235/236, and 82.8 pCi/gm U-238.
Total uranium and total thorium background concentrations in soil in the Chicago area
vary from less than 1 to about 3 pCi/gm (Myrick, et al., 1981; NCRP, 1975, NCRP,
1987). The measured concentration of uranium and thorium isotopes indicate these
elements exhibit isotopic ratios which show no evidence of uranium enrichment and are
considered reasonable for soils containing materials contaminated with monazite sand.
On the basis of the gamma spec and isotopic uranium and isotopic thorium analyses,
there is no indication of a radioactive contamination source other than the monazite
sand containing naturally occurring thorium, uranium and their respective breakdown
products.

114
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A rudimentary risk assessment was performed based on the doserate data collected with
the tissue equivalent instrument capable of responding to gamma ray energies from
17 KeV to 1.3 MeV. The only plausible exposure scenario for the site in its present
use as a paved parking lot is from direct exposure of lot attendants or lot patrons.
Under the most unlikely exposure conditions, the annual dose to an individual would
not exceed 4 mrem/yr, whereas a more reasonable scenario associated with the most
elevated location on site predicts a dose much less than 1 mrem/yr. That scenario has
the individual parking at the exact location of the most elevated gamma reading
165 ¢ Rem/hr, 50 days a year (this assumes he/she is able to occupy this same parking
location approximately 20% of the time), standing on the location for 5 minutes each
day (165 ¢ Rem/hr x 50 days/yr x 5 min/day x 1 hr/60 min. = 687.5 4 Rem/yr or
0.7 mrem/yr). It should be noted that the footprint of this elevated location is about
6 inches in diameter and is located in a parking space where the car’s engine or trunk
would normally be located. These facts render the exposure scenario for this site
unlikely. Therefore, based on this basic assessment, the site in its present condition
poses no additional radiological risk to lot attendants or patrons in excess of that
already present for general radiological (background) conditions associated with the
downtown Chicago area.

RGB95:ADS5:nls
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REPORT FOR CHARACTERIZATION INVESTIGATION
GAMMA RADIATION SURVEY

(REV. 2)
LINDSAY LIGHT 11 SITE

316 E. ILLINOIS STREET
CHICAGO, ILLINOIS

1.0 INTRODUCTION

1.1  Objective

This report presents the results of the investigation conducted at the 316 East Illinois
Street site, herein referred to as the "Lindsay Light Il Site” or "site”, for the
characterization of radioactive contamination. The objective of the investigation was to
determine the type and relative quantities of radioactive materials present, the
hazardous waste characteristics of those materials, and the distribution or location of
these materials at the subject site.

1.2  Site Description and Site History

The Lindsay Light 11 site at 316 East Illinois Street in downtown Chicago. Illinois,
extends from East Illinois Street on the south to East Grand Avenue on the north. It is
bounded by Columbus Drive on the west and McClurg Court on the east. Figure 1-1 is
a location map, indicating the location of the property within the State of Illinois and
the City of Chicago. Figure 1-2 shows the general layout of the site. The dimensions
of the site are 66 meters (208 feet) north to south, and 186 meters (591 feet) east to
west which makes the site approximately 12,276 m2 (2.7 acres).

The property is presently undeveloped and has been used as a parking lot in recent
years. The parking lot is paved with asphalt and has guard rails that border it. The
property is situated in an urban area, surrounded by commercial and residential
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buildings. A shopping mall is located approximately 200 feet to the southeast. The
Chicago River is located 1/4 mile south of the site, and Lake Michigan is about 1/4
mile east of the site.

The Chicago Dock & Canal Company was founded in 1857. The Chicago Dock &
Canal Trust, the direct successor of The Chicago Dock & Canal Company, is a real
estate investment trust formed in 1962. Both companies are included in the reference
to "Chicago Dock”. Chicago Dock records indicate that a portion of the property was
leased to the Lindsay Light Company from about 1915 to 1932, These records also
indicate that the property from 316 to 322 East Illinois was rented by Cooper's Stable
prior to 1913. A two-story building on the property housed a stable for horses and
wagons and a blacksmith shop (Figure 1-2).

In 1914, the Cooper Stable was divided in half, from east to west. The south halif.
fronting on Illinois at 316 East to 322 East, was leased by Lindsay Light. Chicago
Dock’s records indicate that Lindsay Light made rent and tax payments on this property
until about 1932. The building was demolished around 1933, which is consistent with
the cessation of rent payments by Lindsay Light.

Review of property records indicates that Lindsay Light probably performed its primary
manufacturing operations in this area of Chicago at 161 East Grand Avenue, about one-
quarter mile west of the property. The operations at 161 East Grand Avenue included
the manufacturing of incandescent gas mantles. Some manufacturing and/or processing
of thorium-bearing monazite sand reportedly took place at the 316 East Illinois site.

A principal ingredient in gas mantle manufacture is thorium as a nitrate. Small
amounts of cerium, beryllium, and magnesium nitrates are also used. Thorium was
extracted from the monazite sand using an acid bath. The gas mantles were then
dipped into a solution containing the thorium nitrate to increase the mantle’s
incandescent strength.

Thorium occurs in nature principally as the parent radionuclide Thorium-232 in
association with its daughter products in a decay sequence known as the Thorium
Decay Series. Several thorium isotopes are also found within the Uranium and
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Actinium Decay Series. It is believed that the principal source of contamination at this
site is Thorium-232 and thorium decay series nuclides.

1.3 Previous Investigations

In June 1993, the USEPA and lllinois Department of Nuclear Safety (IDNS) measured
gamma radiation levels on portions of the site. The USEPA and IDNS survey was
conducted based on information USEPA and IDNS had in their files which indicated
Lindsay Light formerly had operations at the site. ~ Several areas of gamma radiation
levels above the vicinity background levels were indicated (Figure 1-3). A similar
reconnaissance survey was conducted by STS for Chicago Dock in June 1993 which
also found several areas of elevated gamma measurements. The results of the surveys
suggested the presence of a subsurface gamma radiation source. Subsequently, a Work
Plan was developed to conduct a comprehensive investigation of the source of the
contamination. The investigation, completed through implementation of the Work
Plan, was conducted with the objectives of identifying the type and quantity of the
radioactive material, and the location and extent of the contamination.

1.4 Administrative Order by Consent

On January 27, 1994, an Administrative Order by Consent (AOC) was agreed upon by
USEPA and Chicago Dock. The AOC réquired preparation of a Work Plan for site
investigations. That Work Plan was prepared and, following review and revision in
response to review comments, was approved by USEPA on May 13, 1994. This report
is the result of the implementation of the work conducted in accordance with the Work
Plan.
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2.0 SCOPE OF WORK

The work scope as defined in the Work Plan consisted of five principal tasks. These
tasks were:

Site grid lay-out

Overland gamma survey
Down-hole gamma logging
Soil sampling

Chemical analysis

The following sections, Section 2.1 through 2.5, describe the specifics of these work
scopes. Sections 3.1 through 3.4 present the results of the survey. sampling and
analysis tasks.

2.1 Site Survey

A site-wide 6 x 6 meter grid was surveyed on May 14, 1994. The purpose of this site-
wide grid was to establish accurate location points for surface radiation measurements,
locating down-hole survey stations, and positioning borings for soil sampling. The grid
was laid out by Certified Surveys, land surveyors licensed in the State of Illinois. The
approved Work Plan specified a 30 x 30 meter grid be surveyed. However, rather than
surveying a grid on 30 meter centers from which a 6 x 6 meter grid could be located.
the grid was laid out at a 6-meter spacing site-wide. Each 6-meter station was marked
with an orange spray paint spot. Every 3 to 4 stations were labeled with the north and
east grid coordinates to facilitate data collection during the survey. The 0-0 point is
located approximately 2 meters south and 1 meter west of the southwest corner of the
parking lot guard rail. Survey nails were placed in the sidewalk to mark the comers of
the survey grid.

The approximate location of the former stable building was obtained from 1905
Sanbom fire insurance maps of the property as part of a 1992 environmental
assessment (STS 1992). That location was surveyed and marked and is assumed to be
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accurate within a few feet. A 1 meter grid was surveyed and marked using green spray
paint within the footprint of the former stable building, an area of approximately 30
meters by 30 meters. The survey grid is shown on Figure 2-1.

During the course of the overland gamma survey, additional 1-meter survey grids were
established around locations where elevated readings were noted. Those smaller grids
were laid out from the 6 x 6 meter grid stations using a rope marked in 1 meter
increments.  Stations were marked by spray painting spots on the ground at each
I meter interval.

An elevation survey was not conducted since a site survey with elevations to 0.1 feet
was available from The Chicago Dock & Canal Trust. The site elevation survey is

included as Figure 2-2.

2.2 QOverland Gamma Radiation Survey

2.2.1 Survey Methods

Two types of overland radiation surveys were conducted. One survey, conducted May
14, 15 and 21, 1994, measured gamma radiation levels using a Ludlum 44-10 2x2 inch
Nal detector coupled with an ESP-1 portable ratemeter/scaler. The Nal detector
measured gamma radiation in counts per minute (CPM). The second survey was
conducted May 21 and 22. 1994, and used a Bicron microRem LE tissue equivalent
doserate meter, which measured the tissue equivalent radiation dose in microRem/hr.
The ESP-1/Nal surveys included readings at 1 meter elevation and at ground surface
(1 cm elevation), while all Bicron measurements were collected at 1 meter elevation
only.

The 6 x 6 meter site-wide grid was surveyed using the Ludlum 2x2 inch Nal detector
with 1 minute measurements taken at 1 meter and 1 cm from the ground surface. Once
all grid measurements were completed for each north/south row, an inter-grid survey
was performed for each square formed by the 6 meter grid points. Inter-grid surveys
were performed at a traverse speed of approximately 3 feet per second (+1 m/sec.).
The survey instrument was held as close to the surface as possible and the grid surveyed
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in a "zig-zag” pattern. For all inter-grid surveys, the ESP-1 external speaker was
activated to provide an auditory indication of any increase in count rate, since this
method is more sensitive than observing the ratemeter liquid crystal display (LCD) for
subtle count rate changes. Areas discovered in the inter-grid surveys which showed
increased count rates were marked with an "X"” or several "Xs” at the location(s) of the
highest reading(s). Once the 6 meter and inter-grid surveys were complete, detailed
one meter grids were laid out around the "Xs” using a rope marked at one meter
intervals and the 6 meter markings for reference.

In addition to the 1 meter grid layout over the former stable building footprint, eleven
(11) additional areas of above background readings were identified by the inter-grid
surveys. All twelve of the 1 x | meter grid areas were surveyed using the Nal detector
with all measurements taken at 1 cm (ground surface). Measurement times for the
1 meter grid areas varied from | minute to as low as 15 seconds in the high activity
areas. All measurements were then normalized to CPM and background subtracted to
give the net CPM for comparison to the range of area background based on statistical
considerations.

The twelve 1 x 1 meter grid areas were also surveyed using the Bicron microRem LE
meter. All measurements were made at | meter from the ground surface. To allow for
proper instrument response on the lowest measurement range, the instrument was held
at each location for approximately 15 seconds. This allowed the instrument to reach at
least 90 percent of the final reading.

Details of the overland gamma and doserate surveys including instrument calibrations
and field checks are described in detail in Attachment A.

2.2.2 Determination of Site Background

Background levels of gamma radiation were established by means of a survey of stations
along three traverses, each consisting of 12 stations. The background surveys were
conducted May 14, 1994. The three traverses include one along the west margin of the
parking lot, one located immediately east of the site and one on the sidewalk east of
McClurg Court, station 207E from 0 to 66N. The east side of McClurg Court is

-
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referred to as the off-site traverse. The two on-site traverses are located along the
eastern-most and western-most margins of the site, at OE and 187E from 0 to 66N.
Figure 2-1, the site survey grid, shows the location of the background survey traverses.

Attachment A presents calculation of background values as the mean of the three
traverses plus 2 standard deviations. Further discussions of the background values are

presented in the Results, Section 3.0 and Attachment A,

2.2.3 Data Management

All Nal scintillometer data were plotted on spreadsheets ( Attachment A). Two- and
three-dimensional illustrations of the measurements were also prepared. These data
were used to select proposed locations for subsequent investigations (down-hole gamma
logging and soil sampling). The scintillometer data were also provided to USEPA
representatives for preliminary review prior to selection of proposed locations.

The Bicron doserate measurements were collected concurrent with the down-hole and
soil sampling work and were not used in the selection of sampling locations. The Nal
and Bicron data are presented and discussed in Section 3.1, Overland Gamma Survey
Results.

2.3 Cone Penetrometer and Down-hole Gamma Logging

2.3.1 Methods

The Cone Penetrometer Test truck (CPT) was used in combination with down-hole
geophysical logging of gamma radiation to provide vertical delineation of the extent of
contamination. The down-hole survey was conducted May 21 and 22, 1994. The
depth of the investigation extended below the surficial fill materials to the naturally
occurring soils. The CPT holes extended a maximum of 9.6 meters (31 feet).
Obstructions were encountered at several proposed locations. The obstructions ranged
from shallow, less than | meter deep, possible floor slabs or pavements, to deep. on
the order of 2.5 to 3 meters, possibly a basement floor slab. The following
summarizes the locations where cone holes were attempted and the results (Table I).

-
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Proposed Locations

Table 1
Down-hole Gamma Survey Locations

Background
24E 12N
IS6E. 48N
Alternate Location
72E 60N
71E 59N
36E 12N
Transitional
82E 25N
62E 25N
17tE 64N
Alternate Location
76E 2IN
89E 16N
Elevated Gamma
81E SN
78E 4N
78E 18N
78E 9N
Alternate Location
82E ISN
78E 25N

Results

Obstructed. No log after 6 attempts.

Logged at |57E 49N

Anomalous log results.
obstruction and logged).

Partial log, obstructed.
Obstructed. No log.

Logged
Partial log. obstructed
Logged

_.Obstructed. No log.

Logged

(Drilled through

Logged at 81E 6N (access restricted by

penmeter guardrail)
Obstructed. No log.
Logged

Partial, obstructed

Obstructed. No log.
Obstructed. No log.

The CPT casing was hydraulically pushed to the desired depth, and the hole was
geophysically logged to record gamma radiation levels in counts per second (CPS) as a

function of depth.

excellent resolution of both background and elevated gamma locations.

The CPT down-hole gamma survey used a Colog MXG logger

Logging speed was held at 2 meters per minute, which gave

equipped with

electronically controlled winch assembly, computer interface, and a Mount Sopris
Model HLP-2375-1 gamma radiation probe. The Mount Sopris probe was equipped

-
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with a 0.5x1.5 inch Nal(TI) crystal which is capable of providing vertical resolution of
approximately 1.5 inches.

2.3.2  Quality Assurance

2.3.2.1 Sensitivity Test Runs

In order to evaluate the impact of the stainless steel casing on the sensitivity of the
Colog gamma logging unit, a series of five sensitivity runs were made. Standardized
thorium-containing soils in fixed geometries prepared for the West Chicago thorium
contamination project were used as the calibration sources. Specifications for the
preparation of the "calibration soils” were provided and are included as Attachment B.
The Work Plan specified that the casing would be used if it could be demonstrated that
the use of the casing did not diminish the gamma reading by more than 50 percent
when compared to readings obtained with no casing.

The following presents the results of those sensitivity test runs.

Table 2
Influence of CPT Casing Evaluation

Counts/second Counts/second Percent
Drum No. with Casing without Casing Difference (Range)
CD-1 13-16 CPS 20-25 CPS 20-48%
CD-2 180-210 CPS 280-288 CPS 25-38%
CD-3 399-420 CPS 550-600 CPS 24-34%
CD-7 104-115 CPS 150-165 CPS 23-37%
CD-8 58-70 CPS 88-100 CPS 23-42%
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These data indicate the gamma readings using the casing were diminished 23 to 40
percent on average, sufficiently below the S0 percent threshold which would have
precluded use of the casing. As a result, casing was used in all the down-hole logging
at the site.

Data were available on the concentration of the gamma emitting radionuclides in the
calibration drums. Correlation of the counts per second readings with the reported
standardized soil concentrations allows for the derivation of a calibration curve to be
applied to the gamma counts and soil (Th-232 + Ra 226) concentrations at the Lindsay
Light site.

Analysis of the calibration drum materials indicated total gamma emitter and Th-232
plus Ra-226 concentrations as follows for the five drums:

Table 3

Calibration Drum Radionuclide Concentrations *

Total Gamma Th-232 + Ra-226
Drum No. (pCi/gm) (pCi/gm)
CD-1 2.7 1.7
CD-2 53.5 48.0
CD-3 104.6 97.1
CD-7 29.6 234
CD-8 17.5 12.9

*Analysis of drum contents are included in Attachment B.

Plotting the Th-232 + Ra-226 concentration vs. measured counts for each calibration
drum yields Figure 2-3. Figure 2-3 plots the average reading of the CPT probe in
counts per second (CPS) versus the soil concentration of Th-232 + Ra-226 in pCi/gm.
Best fit linear regressions were then added to the plot and the equations for the probe
response with and without the casing were determined.

-10-
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2.3.2.2  Replicate Gamma Logs

Replicate gamma log readings were obtained in borings through logging both the probe
entering the hole and the probe being withdrawn from the hole. Where both "in and
out” logs were recorded, both logs are presented side-by-side on the gamma log
figures.

Additionally, one background boring 157E 49N, was logged on the first day of the
down-hole logging effort, and then again at the completion of the down-hole logging
task. This replication of the log on two different days was to assess the reproducibility
of the logging runs and to evaluate potential impacts to the equipment after logging the
transitional and elevated gamma locations.

Observations of the two runs (up and down) show excellent replication on most borings.
One exception was boring 71E 59N. That log was run in a drilled boring, due to the
presence of obstructions at a depth of approximately 2.5 meters. Non-replicate logs
were obtained in several runs and are attributed to faulty connections between the probe
and the recording unit. After the anomalous results were noted, the soil cuttings from
the boring were screened with the Nal scintillometer and the Bicron tissue equivalent
doserate meter. No elevated readings above background were measured in these
cuttings, which tends to confirm the background nature of this location.

Comparison of the two logs run in the background boring to check the reproducibility
of the logging following the end of the survey showed excellent reproducibility. No
significant difference was noted in the logs run on separate days. This indicates no
significant impact to the equipment resulted from the logging of the locations of
suspected elevated gamma material.

-11-
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2.4 Soil Sampling

2.4.1 Selection of Samples

Based on the results of the overland gamma survey and the down-hole gamma survey,
locations and depths were selected for the collection of soil samples. The objective was
to collect samples at one background location removed from any surface indications of
contamination, two transitional locations where gamma readings are above the
background but not among the highest values measured, and two locations exhibiting
significantly elevated gamma readings. Samples were to be analyzed to identify the
radioactive material, measure the activity, determine the soil concentration and correlate
these findings with the down-hole gamma data. The overland survey information
indicated the horizontal locations to be sampled. The down-hole gamma information
indicated the depth where the highest gamma readings were recorded and samples
would be collected. 3

The selected soil sampling locations are listed below. The depth of sampling is based
on the zones which consistently exhibited the highest reading in the down-hole boring
gamma logging. The proposed sample depth was from 0.65 meters to 1.3 meters (2 to
4 feet).

The following locations were chosen for soil sample collection:

Background IS6E 49N

Transitional 82E 25N
89E 16N

Elevated Gamma 81E 5N
78E 18N

Duplicate samples were also submitted to facilitate assessment of the reproducibility of
the analyses. Duplicates were prepared by homogenizing the sample recovered in the
barrel of the split spoon and then filling two sets of sample bottles a little at a time
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until both sets of bottles were full. Duplicates were prepared for two of the elevated
gamma measurements, at 81E SN from 0.65 to 0.95 meters (2-3 ft), and at 78E 18N
from 0.95 to 1.3 meters (3-4 ft). In order to prevent the laboratory from recognizing
these split samples as duplicates, the duplicate samples were coded with a 9 at the end
of the sample number and the label and Chain-of-Custody indicated the samples were
from a depth 20 feet deeper than the actual sample depth.

2.4.2 Sampling Methods

Samples were collected using a truck-mounted drill rig. Samples could not be collected
as initially proposed using the CPT rig due to pavements and obstructions at the sample
locations.

Drilling was conducted using solid flight augers. The sample was recovered by driving
a 2.5 inch diameter split spoon sampler using an SPT hammer.

Upon recovery of the sample to the ground surface, the borehole depth was measured
using a weighted tape. The split spoon was opened and the sample screened using the
Bicron meter. The sample was also screened using an HNu photo-ionization detector
(PID). The sample was then described and logged. The recovered material was
homogenized using a stainless steel spatula blade and subdivided into the individual
sample bottles.

Cuttings from the borings were screened using the Bicron meter. The levels were not
recorded, but did exhibit elevated readings in the transitional and elevated gamma
sample locations. All cuttings from the transitional and elevated gamma borings were
placed in a bucket, segregated from other cuttings and materials generated as part of
the investigation. The buckets were stored, locked in the on-site trailer. The material
was utilized in testing of the physical and chemical properties of the soil. No soil
materials remain on site.

All borings were grouted closed with a neat cement grout upon completion of
sampling.

-13-
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2.5 Analyses

2.5.1 Analytical Parameters

A total of 12 samples were submitted for analysis. Two samples were submitted from
each of the five sampling locations. Two duplicate samples were also submitted. The
samples were initially analyzed by gamma spectroscopy. All gamma emitters identified
were reported.

The three samples showing the highest gamma spec detections were subsequently
analyzed for isotopic uranium and isotopic thorium. In addition, one of the samples
from the background boring was analyzed for isotopic uranium and isotopic thorium.

Two of the samples from the elevated gamma radiation areas were also submitted for
RCRA hazardous waste characterization. The purpose of that analysis was to evaluate
potential constraints on the eventual disposal of the radioactive material present at the
site. Those analyses included TCLP volatiles, TCLP semi-volatiles, TCLP metals,
reactivity, corrosivity and ignitability.

2.5.2  Quality Assurance

2.5.2.1 Overland Gamma Survey

Quality Assurance measures were performed in accordance with Quality Assurance
procedures in Appendix D of the Work Plan. Per Section 3.2.2 of the Work Plan,
duplicate measurements were conducted for approximately 10 percent of the 6 meter
grid stations. QA measurements were made randomly across the site at surveyor-
established 6 meter grid points using the ESP-1/44-10 instrument set detector (S/N
112642) with the 2.5 inch lead shield at a distance of 1 cm above the surface. All 6
meter grid QA data are shown in Appendix E of Attachment A. The site was walked
randomly from west to east and north to south to north in a "zig-zag” pattern similar to
the inter-grid survey technique. A total of 100 QA measurements were made, where
only 36 measurements were required by the Work Plan. The additional measurements

-14-



The Chicago Dock & Canal Trust
Lindsay Light 11
Site Characterization (Rev. 2)

were made to provide for a random sampling across the entire site versus only a portion
of the site.

All QA measurements were collected for 30 seconds. Appendix D-6 of Attachment A
gives the raw data as CPM and the percent difference between the Corrected QA CPM
and Corrected Initial CPM, using the initial CPM as the "true” or expected value for
the percent difference calculation. The result of percent difference test range from
-31.8% to 50.77% with an overall average of -1.56 + 12.3% at one standard
deviation. These QA data show that the average variation is excellent and that 95
percent of the data are within an error range of less than +25 percent at 2 standard
deviations. Given the fact that the QA measurements were made on a different day
than the original measurements and that the majority of the QA data are in the range of
site background, an error of only 25 percent at 2 sigma is considered to be acceptable.

Appendix G-4 of Attachment A presents a QA check to correlate ESP-1/44-10 readings
with those of the Bicron microRem LE instruments at the most elevated reading
measured on the site, near survey point 76E 4N. The highest Bicron contact reading
was 650 yrem/hr at the surface. The average correction factor calculated for converting
the ESP-1 countrate data to equivalent srem/hr data was 487 CPM/urem/hr at one
meter above the surface.

2.5.2.2 Chemical Analytical QA/QC

Data validation was conducted for samples analyzed at the ITAS Laboratory. The
laboratory reported results for volatile organic compounds (VOCs), semi-volatile
organic compounds (SVOCs). and inorganic parameters specified in the toxicity
characteristic leaching procedure (TCLP). The compounds were analyzed according to
methods for hazardous waste characteristic determination as specified by EPA SW-846.
The sample analyses were reviewed for accuracy and completeness. Precision was not
analyzed as only two samples were analyzed (CD-S81E5N-2-3 and CD-S78E18N-2-3)
from the elevated gamma reading areas, as specified in the Work Plan.
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Volatile Organic Compound QA/QC

Specific VOC compounds specified in TCLP were analyzed on the zero headspace
TCLP extract. The samples were analyzed according to EPA SW-846 Method 8240.
The samples were analyzed within two weeks of sample collection. The GC/MS tuning
was completed and the acceptance criteria associated with injection of
4-bromofluorobenzene (BFB) for the initial calibration and sample analyses were within
acceptable ranges. Neither the QC blank nor the extraction blank contained analytes of
interest.

A laboratory control sample spike was completed and all of the spiked compounds were
within QC acceptable ranges. This would be considered a measure of accuracy for the
method. However, a matrix spike, which would provide a measure of accuracy for the

sample matrix. was not completed.

Semi-Volatile Organic Compound QA/QC

Semi-volatile compounds specified in TCLP were analyzed according to Method SW
846-8270. The samples were extracted within one week of sample collection and
analyzed within two weeks of sample collection. The samples, extraction blank,
method blank and method spike had acceptable surrogate recoveries. No analytes were
detected in the method blank associated with these samples.

The GC/MS tuning was completed and the acceptance criteria associated with injection
of decafluorotriphenylphosphine (DFTPP) for both the initial calibration and samples
were within acceptable ranges.

A laboratory control sample spike was completed and all spiked compounds were within

the QC acceptable range. This could be considered a measure of accuracy, although a
matrix spike was not completed for these samples.
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Inorganic Analyses QA/QC

Inorganic analyses were completed as applicable by methodology stated in EPA
SW-846. The initial and continuing calibrations were acceptable for all metals
analyzed. The blanks that were reported associated with the metals analyses did not
contain any analytes above the detection limit. Sample CDS78E18N23 reported barium
above the instrument detection limit but below the CRDL, the normal CLP detection
reporting limit. Sample CDS81ESN23 also indicated detects of barium and cadmium
in the range between the instrument detection and the CRDL.

A laboratory control sample spike was completed for each metal that was analyzed.
The results for the spiked sample were within acceptable limits. This could be

considered a measure of accuracy, although a matrix spike was not completed.

Radiological Sample Analysis

The entire data analysis package sent from the analytical laboratory was checked against
the laboratory’s Quality Assurance Management Plan and procedures shown in
Appendices A through E of the Work Plan. The QA review consisted of 100 percent of
all data sheets and all calibration sheets forwarded by the lab. No discrepancies were
noted in any of the data or analyses reviewed. QA review forms are included as part of
Attachment E. Additionally, a laboratory internal memorandum regarding the rationale
for not conducting matrix spike analyses on gamma spec analyses is also included in
Attachment E.
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3.0 INVESTIGATION RESULTS

3.1 Overland Gamma Survey

The overland gamma survey consisted of two surveys, one performed using a Ludlum
ESP-1 with a Nal detector, and a second using a Bicron tissue equivalent doserate
meter. Background measurements established typical levels remote from contaminated
locations. Details of the methods used in conducting the overland gamma surveys and
the survey results are presented in Attachment A. The following sections present the
Nal survey, the Bicron survey, and a summary of the survey results including
descriptions of the zones exhibiting elevated radiation readings.

3.1.1 Nal Ludlum Survey

Background gamma radiation values were calculated from measurements taken at |
meter and 1 cm above the ground surface along three traverses including both on- and
off-site locations. These background values were calculated to facilitate identification of
anomalous surface gamma levels. In accordance with the Work Plan, a threshold was
set at the mean of the background traverse readings plus two standard deviations (rh
+20). Background values were measured and calculated for the 1 meter and | cm
elevations as follows:

2818 CPM
3114 CPM

m+ 2¢ (Im)
m + 20 (1 cm)

The 6 x 6 m station to station site survey combined with inter-grid surveys identified 12
areas exhibiting gamma readings which exceeded the background thresholds. These
areas are identified on Figure 3-1. A full description of the survey results including
tabulated records of all readings is included as Attachment A. These elevated locations
were surveyed at a | meter grid interval with the detector at 1 cm elevation.
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The areas of elevated readings have been presented as two- and three-dimensional
illustrations of the net gamma radiation readings after background subtraction on
Figures 3-2 through 3-13. A brief summary of each area is provided below.

Area 1 is located toward the northwest comer of the site. That area showed only one
data point above the background plus 2¢ (h + 2¢) threshold (29E 60N). That reading
was 4.56 x 103 counts per minute (CPM). Figure 3-2 shows the h +20¢ exceedance
area.

Area 2 also showed only one data point above the h +2¢ threshold shown on Figure
3-3. That point at 42E 28N, measured 7.10 x 103 CPM.

Area 3 exhibits a series of elevated readings extending along 51E from 13N to 20N,
Figure 3-4. The elevated gamma readings extend to the limits and possibly beyond the
surveyed area to the west. Maximum readings in Area 3 are noted at 50E 17N (2.26 x
104 CPM) and 51E 19N (1.29 x 104 CPM).

Area 4, Figure 3-5, similar to Areas 1 and 2, has one point which exceeds the m + 2¢
threshold. The elevated gamma reading is at the eastern edge of the survey area
indicating elevated levels may extend beyond the survey area and connect with Area 5
to the east. Station 62E 20N measured 3.92 x 103 CPM. This Area is near Area 5
which extends west from the northwest corner of the former stable area.

Area 5 extending west from the footprint of the former stable has numerous
measurements above the m + 2o threshold (Figure 3-6). Elevated gamma readings
extend to the limits and possibly beyond the surveyed area to the west and north. The
highest reading is 3.70 x 104 CPM at Station 69E 27N. Several other readings are in
the 104 CPM range.

Area 6 exhibits the highest reading outside the stable building footprint. Station 68E

7N measured 5.35 x 104 CPM. Figure 3-7 displays the gamma readings and
background as m +2¢.

-19-



The Chicago Dock & Canal Trust
Lindsay Light I1
Site Characterization (Rev. 2)

Area 7 designates the entire footprint of the former stable building. Note that the
entire footprint does not display elevated gamma readings. Figure 3-8 shows the plot
of values with the m +20 background. Figure 3-8a gives the 3 dimensional image of
the gamma readings.

The highest values measured and the majority of values above background lay along the
western third of the building area. The highest value measured on site was 6.26 x 107
CPM at 81E 5N. Farther west at 76E 4N, a maximum value of 4.94 x 105 CPM was
measured.

The highest readings within the building footprint are generally located from 76E to
about 85E. High readings extend nearly to the southern limit of the site, with the
highest readings noted at 4 to 6 meters north of the southern boundary of the survey
area. Note. however, that values tend to approach or fall below the th + 20 threshold
at the southern margin of the survey. Elevated gamma readings extend to the limits of
the surveyed area and may extend beyond the site boundary to the south.

Area 8 which extends off the northeast comer of the former stable footprint shows
several values in the 104 CPM range (Figure 3-9). Elevated gamma readings extend to
the limits of the surveyed area and possibly beyond the area boundary to the northwest.
Two values at 106E 26N, and 27N approach the maximum values measured in Area 6.
Station 106E 26N measures 5.22 x 104 CPM while 106E 27N measures 5.15 x 104
CPM. Several high values near the northeast end of Area 8 are located at 24N to 27N
between 114E and 119E.

Area 9 shows several data points which exceed the m + 2o threshold (Figure 3-10).
Elevated gamma readings extend to the limits of the surveyed area and may extend
beyond the surveyed area to the east. The highest value measured was 1.77 x 104
CPM at 134E 33N. The elevated readings trend along an east-west orientation at about
33N running from 132E across to 137E. A similar east-west alignment of higher
readings is noted from 135E to 138E at about 26N.

Area 10 shows several points which exceed the h + 2o threshold (Figure 3-11). The
highest value measured in Area 10 is 1.08 x 104 CPM at station 134E 13N.
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Area 11 showed one data point, 140E 14N, which exceeded the m + 2o threshold
(Figure 3-12). The highest measurement in Area 11 was 4.46 x 103 CPM.

Area 12 showed a number of elevated readings (Figure 3-13). One of the highest, 2.97
x 104 CPM, was measured along the northemn margin of the site at station 170E 66N,
indicating elevated readings may extend beyond the site boundary to the north. The
highest value was measured near there at 171E 64N, where a value of 4.35 x 104 CPM
was recorded.

The limits of the 1 meter gridded areas were set based upon several considerations.
The inter-grid survey identified locations with elevated readings and the survey grid was
laid out around those locations. In some areas where several elevated readings were
sufficiently close, they were included in a single gridded area. In other areas, separate
grids were surveyed around elevated gamma locations. Where different grid areas
approach but do not overlap each other, i.e. areas 4 and 5, the gap between areas is
sufficiently small to be insignificant. Where elevated readings extend to the edge of the
I meter grids within the 6 meter grid, the absence of elevated readings detected in the
inter-grid survey indicates the readings dropped to background levels. Additional
survey points may have provided minor added detail to the margin of the elevated
gamma area, but. in the opinion of the investigators, would not have documented
additional contaminated areas. Inasmuch as the objective was to document the
apparent limits of the gamma radiation source areas, these data are considered
sufficient to make that demonstration.

In areas where the elevated readings extended beyond the limits of the 6 meter gridded
area, specifically south of area 7 and north of area 12, the inter-grid survey does not
provide documentation of background levels. These off-site areas were surveyed by
MJW Corporation, but no data were recorded or provided for this report. These areas
were described as exhibiting background values to the north of area 12, and somewhat
elevated readings 1 to 2 meters to the south of area 7 before dropping to background
levels. It was noted that both areas were concrete sidewalk paved rather than the
asphalt paving which covered the majority of the site. The concrete pavement was
anticipated to be a more effective cover, precluding direct comparison of gamma
readings between the asphalt paved areas and the concrete sidewalks. It was further
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noted that at the request of USEPA on-site personnel, the excavation spoil from utility
trenching on East Grand Avenue to the north was screened for elevated gamma
readings. All materials screened were at background levels.

3.1.2  Bicron Survey

Bicron instrument surveys were made over those areas showing elevated gamma
readings and in the footprint of the former stable building. Background values were
obtained as with the Ludlum Nal scintillometer at the three traverse locations. General
area Bicron background readings were 4.5 urem/hr. The background threshold was
calculated as follows:

background mean plus two standard deviations (mh + 20) equals 7.25
urem/hr

The results of the Bicron survey are included as tables and three dimensional plots of
readings in Appendix A. The plots of the site-wide Bicron survey data are included as
Figure 3-14 viewed from south to north, and Figure 3-14a viewed from north to south.
Figures 3-14 and 3-14a exhibit some linear features aligned east-west and north-south.
These features are the result of the graphing software used to prepare the figures.

The Bicron doserate data for the 12 areas show similar intensities as the scintillometer
data. The m + 20 threshold for the Bicron data was exceeded in 10 of the 12 areas,
excepting Areas 1 and 2. The highest net reading at a 1 meter elevation, the elevation
at which typical whole body doserate measurements are made, was in Area 7 at station
76E 4N, near one of the highest scintillometer readings. At that location and elevation,
a value of 165.5 yrem/hr was measured. At that location, a surface (I cm elevation)
reading was taken which measured 650 zrem/hr.

3.2 Down-hole Gamma Survey Results

Down-hole gamma logs were attempted and either partially run or completely logged at
10 locations. Numerous other locations were precluded from logging due to subsurface
obstructions such as concrete pavement, basement floor slabs, or massive debris in the

-
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fill soils. Three partial records appear usable from holes encountering obstructions at
depths of 2.5 to 3 meters (9 to 10 feet) Seven complete logs were run. These included
one with inconsistent signals on re-runs which does not appear usable (discussed below
under background logs). A second anomalous log shows background level gamma
measurements in a log run in what was anticipated to be a transitional gamma level
area, based on surface gamma survey data.

The down-hole gamma radiation logs are presented in Figures 3-15 to 3-24.

For most of the logs, replicate runs were recorded to allow for evaluation of the
reproducibility of the data. Gamma measurements were recorded on a run into the
casing, labeled "Gamma Log Dwn” on the left side of the gamma log Figures. The
record of the readings upon withdrawal of the probe is labeled "Gamma Log Up” and
is shown on the right side of the Figures.

Replicate logs were also run on the one check boring which was logged on both days of
the down-hole survey. Replication between the logs run on the two days was excellent.

The scales used to display the gamma levels on the various logs vary by a factor of 10
between the background. transitional and elevated gamma logs. The background logs
are shown with a full scale value of 120 counts per second (CPS). (Note the units in
the down-hole gamma survey is counts per second, CPS, as opposed to counts per
minute, CPM, for the overland survey. The absence of the overburden shielding
produces this significantly greater sensitivity). The transitional logs are shown at a full
scale reading of 1200 CPS. The elevated gamma records are shown at 12,000 CPS full
scale.

The vertical scale on the logs is 1.1 meter to the inch.

3.2.1 Background Logs

At station 157E 49N, a background boring was logged which yielded excellent records
(Figures 3-15 and 3-15a). Replicate runs into and out of the boring matched well, as
did logs run the next day upon completion of the logging effort.
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These logs indicate a relatively low gamma level ranging from less than 6 CPS to
perhaps 25 CPS (360 to 1500 CPM) in the fill materials. Below a depth of
approximately 2.5 to 3 meters (9 to 10 feet), the gamma levels are lower and much
more constant at around 6 to 8 CPS (360 to 480 CPM), to a total depth of 6.5 meters,
about 22 feet.

The log for boring 171E 64N (Figures 3-16 and 3-16a) exhibits a similar profile,
although that log was anticipated to be a transitional gamma radiation location.
Gamma levels ranged from maxima of less than 40 CPS (2400 CPM) in the fill soils
above approximately 3 meters (9 to 10 feet deep) to a consistent 5 to 9 CPS (300 to
540 CPM) in the natural soils to a depth of 6.5 meters (22 feet). Consistent values
were measured on both the log down and log up runs in this boring.

Attempts at a background boring at 72E 60N encountered repeated obstructions at a
depth of about 9 to 10 feet. This was interpreted as a basement floor slab. In an
effort to obtain a background gamma log at this location, a boring was advanced at 71E
S9N, using a drill rig. A CPT casing was then placed in the boring and a series of
gamma logs run.

These records show, in one set (Figure 3-17), a profile with some slight variation above
3 meters and relatively constant values from 3 meters to the bottom at 6.2 meters.
This profile is similar to the background logs previously described, except that the
recorded gamma levels were from about 147 to 165 CPS (8820 to 9900 CPM). This
suggests a scale shift of approximately 140 CPS (8400 CPM) occurred on this record.

A second run (Figure 3-17a), gave dramatically different records for the log down and
log up runs. The inconsistencies between the several logs suggest these logs are not
usable in the evaluation of site conditions.

In order to evaluate whether the anomalous readings at this location were the result of
elevated gamma levels, the cuttings which had been brought to the surface during the
drilling of the bore hole were screened. The materials were screened using the Ludlum
Nal scintillometer and Bicron tissue equivalent doserate meter by the health physics
technician. No levels above background were noted in these cuttings.
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The absence of a consistent record indicating the presence of contamination and the
lack of any elevated radiation upon screening the cuttings indicate there is no evidence

of radioactive contamination at this location.

3.2.2 Transitional Logs

The transitional gamma logs were obtained in areas where overland gamma results
indicated increasing gamma radiation around the highest gamma readings, or areas
exhibiting levels above background, but removed from the highest reading areas.

One of the proposed transitional areas was located at 171E 64N, in Area 12. That
location was discussed above under background locations, since the log (Figures 3-16
and 3-16a) appeared characteristic of background locations and did not show the
elevated gamma levels anticipated.

A second location in an out-lying area was logged for transitional gamma levels at
62E 25N, from Area 5. At that location, a fairly good profile (Figure 3-18) was
obtained of the upper 2.7 meters, but was terminated at an obstruction. At that
location, a gamma radiation peak signal at a level of 660 CPS (39.600 CPM) was
recorded at 2.2 meters. Gamma levels dropped to approximately 340 CPS (20.400
CPM) at 2.5 meters, then began to rise again when the record was interrupted by the
obstruction at 2.7 meters. Note that the high reading at a depth of 2.2 meters is the
deepest horizon identified exhibiting an elevated gamma radiation level. The data
record was consistent for this boring between the log down and log up records.

A second obstructed record is included from location 82E 15N. This location lies
within the stable building footprint. The record at this location (Figure 3-19) is only
for about one meter depth. The record shows a gamma peak of about 840 CPS
(50,400 CPM) at 0.8 meters. The record shows a fairly sharp rise in counts below a
depth of about 0.3 meters, a peak at about 0.5 to 0.8 meters and a fairly sharp fall off
in readings to the end of the record at about 1.0 meter depth.

At location 82E 25N, the deepest profile on site was recorded. Gamma log
measurements were made to a depth of 9.6 meters (31 feet). This profile (Figure 3-20)
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shows low gamma readings to a depth of 0.4 meters, a steady rise with some gentle
fluctuations to a distinct peak of about 840 CPS (50,400 CPM) at a depth of
1.2 meters, followed by an abrupt drop down to background levels of less than 10 CPS
(600 CPM) below 2 meters. A slight rise in gamma levels to perhaps 10 to 20 CPS
(600 to 1200 CPM) below 9 meters may signify a change in strata from lake shore sand
to glacial clay till soils. It does not appear to be an indication of contamination due to
the broad (shallow) nature of the data signal.

At station 89E 16N, also within the building footprint, a transitional log extended to a
depth of 6.4 meters. This profile (Figure 3-21), run both log down and log up,
displays a double peak in gamma readings. Gamma levels rise below a depth of 0.3
meters to a peak reading of approximately 1050 CPS (63,000 CPM) at a depth of 0.62
meters. Below that, levels drop to approximately 680 CPS (40,800 CPM) at 1.0 meter
depth, then rise in a second peak to 840 CPS (50,400 CPM) to 1.2 meters deep.
Below the second peak gamma reading, levels decline until at about 2.2 meters. a fairly
constant reading of 10 CPS (600 CPM) or less is detected. These readings are
mirrored in both records for this boring.

3.2.3 Elevated Gamma Logs

Three records were run on borings from locations of elevated surface gamma
measurements. All three are from the western portion of the building footprint.

At station 78E 9N, a partial log was obtained to a depth of 3.3 meters before
encountering an obstruction. That record (Figure 3-22) shows a very strong peak rising
from low levels at 0.4 meters deep to a peak value of approximately 11,000 CPS
(660,000 CPM) at a depth of just below 1.0 meter. Below 1 meter, gamma levels drop
to about 600 CPS (36,000 CPM) at 1.8 meters before increasing slightly to 1200 to
1300 CPS (72,000 to 78,000 CPM) at about 2.1 meters. This peak is similar to the
maximum level measured at 62E 25N where a 660 CPS (39,600 CPM) peak was noted
at 2.2 meters. Below 2.1 meters, the gamma levels in the log at 78E 9N drop to
background values by 2.5 meters deep and remain at that level to the bottom of the
boring at 3.3 meters.
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At station 78E 18N, the gamma levels show a single pronounced peak (Figure 3-23).
Beginning below a depth of 0.4 meters, the readings rise to approximately 11,200 CPS
(672,000 CPM), just above 1.0 meter. Readings then drop sharply back to background
levels, and below 1.7 or 1.8 meters, show consistently low levels to the total depth of
the log at 6.5 meters.

At station 81E 6N, two maxima are apparent in the gamma log (Figure 3-24). Below
0.4 meters readings rise sharply to a high of 9,500 CPS (570,000 CPM) at
approximately 0.8 meters deep. Readings drop to a low of 3,700 CPS (222,000 CPM)
at 1.3 meters deep, then rise to just over 6,000 CPS (360,000 CPM) at about 1.6
meters. Below 1.6 meters, readings drop to background levels below about 2.2 meters
and remain low to the total depth of the log at 6.5 meters.

The distinct maxima noted on both the transitional logs and elevated gamma logs likely
represent relatively thin horizons of gamma-emitting materials. The rise in gamma
counts approaching these horizons is likely an example of the penetrating power of the
radiation rather than a broad band of contamination. This is likely particularly true
where the slope of the log is equally steep above and below the maximum value.

Where double peaks are evident, i.e., 81E 6N, or 89E 16N, these represent two
distinct gamma-emitting concentration horizons, possibly a layer of fill placed over a
former floor during the period of operatidns. The low reading between the two peaks
represents where the "halos” of the two horizons intersect.

These down-hole logs appear to fairly accurately define the vertical extent of the
gamma-emitting contamination in the areas tested. The distinct signature evident in
both the obstructed (incomplete) and the unobstructed (complete) down-hole logs
suggests that the character of the material can confidently be distinguished using the
methods employed in this survey.

The principal unexplained anomaly was the absence of an elevated, transitional gamma
record from station 171E 64N. It is possible that the source was sufficiently small and
relatively shallow so as to be evident from the ground surface and apparent over some
area. but was otherwise shielded and not detected in the subsurface.
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The inconsistent and anomalous records in the several logs at the 71E 59N records are
attributed to electrical problems with faulty connections between the detection and data
recording equipment. That location was unique in that the log was run down a drilled
hole into which a casing had been placed. The difficulty is not attributed to the drilled
boring, but rather the logging equipment was set up in a configuration and location
outside the CPT truck for this one boring. This set-up may have resulted in incomplete
electrical connections or other logistical problems.

3.2.4 Summary of the Down-hole Gamma Survey Results

Figure 3-25 plots all CPT gamma log data from logged transition and elevated gamma
boreholes against the depth at which the peak gamma intensity was recorded. Review
of this plot shows that no gamma peaks occurred in the first one half meter, while 11
of 14 plotted gamma peak locations occurred within a one meter zone from 0.5 to 1.5
meters below grade. One of the three peaks occurring outside this one meter zone
from 0.5 to 1.5 meters was located at 1.6 meters and two were located between 2 and
2.5 meters. Based on this population of subsurface testing in areas tens of meters
apart. it is likely that the subsurface contamination patterns in untested areas are similar
to those of Figure 3-25.

3.3 Soil Sampling

Soil sampling locations were selected from overland gamma locations, using those
readings to select one background, two transitional, and two elevated gamma locations.
The selected locations were:

156E 49N - Background
82E 25N - Transitional
89E 16N - Transitional
78E 18N - Elevated gamma
81E SN - Elevated gamma

The down-hole gamma logging data were used to select the interval from which to
recover the sample. The horizon of interest, i.e., that horizon showing the elevated
gamma radiation, was generally around 1 meter deep. As a resuit. since two samples
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were to be recovered from each of the boring locations, the sample intervals were set at
0.65 to 0.95 meters and 0.95 to 1.3 meters (2 to 3 feet and 3 to 4 feet).

Sampling was originally intended to be conducted with the CPT rig. However,
obstructions were noted at sufficient frequency that a truck-mounted drill rig was
mobilized to conduct the soil sampling. A Mobile B-55 drill rig equipped with solid
stem auger was used to complete the soil sampling.

The asphalt pavement was drilled rather than being cored. The bore hole extended to
the top of the interval to be sampled at 2 feet. A 2.5 inch diameter split spoon was
driven with a standard penetration test (SPT) hammer through the 1 foot interval. The
split spoon was recovered and the sample was screened for radioactivity, logged for soil
type. homogenized and placed in the sample containers.

The borings all encountered fill materials below the asphalt pavement and gravel base
course. Boring logs are presented in Appendix C. The fill consisted of sandy and
clayey soil, cinders, wood, brick, mortar, wire and fragments of gravel. In Boring
82E 25N, a concrete pavement was encountered from 3.0 to 3.5 ft. The second sample
in that boring extended from 3.5 ft. to 4.5 ft. In Boring 78E 18N. a wire mesh screen
was recovered with the sample in a fragment of cement.

Radiation screening of the samples showed the samples from the elevated gamma areas
exhibited wprem levels of between 55 and 170 and scintillometer readings of about 6 x
103 CPM (see Appendix B-5 of Appendix A).

Chain-of-Custody records for the samples submitted are included in Appendix D.

34 Analyses

The analysis of the soil samples consisted of two general components: radioactivity and
RCRA hazardous waste characteristics. The radioactivity analysis was to assess the
concentration and chemistry of the radioactive contaminants indicated as being present
at the site. The RCRA hazardous waste characterization was to assess whether the
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material exhibited any of the characteristics specified by regulation to classify material
as hazardous waste.

3.4.1 Radiological Analysis

The radiological analysis consisted of two separate analyses. Gamma spectroscopy
analyses were conducted on all samples submitted. Isotopic uranium and isotopic
thorium analyses were conducted on the three samples exhibiting the highest gamma
spec readings. Additionally. one of the background samples was analyzed for isotopic
uranium and isotopic thorium. The objective of the gamma spec analysis was to detect
and measure the concentration of all gamma-emitting radionuclides in the samples.
The isotopic uranium and isotopic thorium analyses indicate isotopic ratios which can
characterize the breakdown products (daughter isotopes) in each of the radioactive
decay series. The individual isotopic analyses also have a greater sensitivity (lower
detection level) than the gamma spec analyses.

In the gamma spec analyses, eighteen (18) gamma emitters were initially reported.
However, three of these had consistent less than (<) values reported due to
interferences from other radionuclides constraining detection. These were Th-230,
U-234, and U-235. Four radionuclides were measured in only one or two samples, and
at low levels. only slightly above the minimum detection level. These consisted of
1-129, Ce-139, Ce-141, and Pa-234. Three of these (1-129, Ce-139 and Ce-141) are
known fission products, were found to be the result of interference from other gamma
or x-ray emitters, and were subsequently rejected. Pa-234 is naturally occurring (from
the uranium chain). Ra-223 was found to be reported in error as a result of
interference from Ac-228. The remaining ten radionuclides were above the minimum
detection limit and were detected in a sufficient number of samples to be confidently
identified as present. These compounds consist of: K-40, Ti-208, Pb-210, Pb-212,
Bi-212, Ra-224, Ra-226, Ra-228, Th-228, and Th-234. Many of these radionuclides,
namely Th-228, Ra-228, Ra-224, Pb-212, Bi-212 and TI-208, are in the natural
radioactive decay series of thorium. These elements are present in the monazite sand
which was reported to have been stored and processed at the Lindsay Light operations
formerly on site. Monazite also contains uranium to a lesser extent, represented by the
uranium decay products Th-234, Ra-226, and Pb-210 in the identified nuclides.
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Potassium-40 (K-40) is not a part of a decay chain. It is a naturally occurring
radioactive isotope of potassium, accounting for 0.1 percent of ail potassium.

The results of the gamma spec analyses are summarized in Table 4. The laboratory
report of the gamma spec analyses is included in Appendix E.

The gamma spec analyses suggest the thorium decay chain products may not be in
equilibrium. A compilation of the reported activities for each sample with positive
results is attached as equilibrium charts, Figures 3-26 through 3-35.

A review of the equilibrium charts indicates that the Th-228 results are higher than Ra-
228 results. This apparent anomaly could be due to the low abundances (1.2% and
0.2%) for Th-228 (Thorium Chain Nuclide identification parameters used by the
analytical laboratory are presented on Table 4a). For most of the analyses, the Ra-228
and Ra-224 are showing equilibrium. The daughter products of Ra-224 (Pb-212,
Bi-212, and TI-208) should be in equilibrium within 2 days, based on a half-life of 10.6
hrs. for Pb-212. It is unexplained why the gamma spectrum shows Bi-212, and
occasionally Pb-212, slightly lower than Ra-224 and TI-208. The TI-208 consistently
shows a concentration at equilibrium with Ra-224 when corrected for percent of decay.

Samples were dried and weighed into petri dishes on 6-1-94. The samples were
counted on 6-5-94; sufficient time to re-establish equilibrium following sample drying.

The gamma spec analyses show the lowest or non-detect concentrations in the
background samples. No thorium isotopes were detected in the gamma spec analyses
of the background samples. Only trace levels, less than 2 pCi/gm of one radium
isotope, Ra-226, were measured in the background samples. The highest results,
particularly for Pb, Ra and Th isotopes are noted in the samples recovered from the
locations which measured the highest readings in the overland gamma survey. The
highest readings, in several isotopes on the order of 2000 pCi/gm for Ra-224, Ra-228,
and Th-228, were noted in the sample from 78E 18N at a depth of two to three feet.
The other sample with readings around 1000 pCi/gm for Ra-224. Ra-228 and Th-228
was in the sample from 81E SN from a depth of three to four feet. The sample from
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81E 5N, from two to three feet was the third sample exhibiting elevated gamma spec
readings which was selected for isotopic thorium and isotopic uranium analyses.

The three samples with the highest gamma spec readings were selected for analyses for
isotopic thorium and isotopic uranium. Additionally, one sample from the background
boring was also analyzed. Quality assurance testing at the laboratory resulted in that
background sample being analyzed as a laboratory duplicate. A total of two
background samples, duplicates from a single sample, and three samples exhibiting
elevated gamma spec readings were analyzed for isotopic uranium and isotopic
thorium. The background sample exhibited uranium isotope concentrations at or below
laboratory background values for U-235, 1.12 to 1.89 pCi/gm U-234, and 0.502 to
2.14 pCi/gm U-238 in the duplicate analyses. The isotopic thorium results from those
two analyses were very consistent between samples, 0.533(+0.135) and
0.556(+0.174) pCi/gm for Th-228, 0.70(40.122) and -0.01(+0.003) pCi/gm for
Th-230, and 0.337(+0.11) to 0.396(+0.143) pCi/gm for Th-232 in the background
samples.

Isotopic uranium concentrations were fairly consistent in the three samples from the
three elevated gamma locations. U-234 measured 71.5, 64.4 and 61.4 pCi/gm in the
three samples; 78E 18N from two to three feet, 81E 5N from three to four feet, and
81E 5N from two to three feet, respectively. U-235 was less than the laboratory
background value for all three samples. U-238 measured 52.3, 53.8 and 50.0 pCi/gm
for the same samples. Isotopic thorium also showed relatively consistent values
between the three elevated gamma samples. The sample from 78E 18N, two to three
feet. however, showed the highest of all the three thorium isotopes. Maximum
concentrations of 399 pCi/gm Th-228, 263 pCi/gm Th 230, and 342 pCi/gm Th-232
were measured in that sample. A complete tabulation of the isotopic uranium results is
presented in Table 5. Isotopic thorium results are presented in Table 6.

The relative ratios between the uranium and thorium isotopes, on the order of 1:5 or
1:6 uranium to thorium, are consistent with the U:Th ratios found in naturally
occurring monazite sand. Monazite sand was the source material from which the
thorium was reportedly extracted at the 316 E. lllinois building operated by the Lindsay
Light Company. Dr. David Dooley, principal of MJW, the health physics consultant
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for this project. has concurred with the consistency of these findings and the indication
of a monazite sand source. Additionally, the works of Eisenbud et al. 1964, 1973;
Linsalata et al. 1985; Roser et al. 1964; and Wedow, 1967, support these nuclide ratios
and relative concentrations as indicative of monazite sand materials.

There does not appear to be any indication of a radioactive contamination source other
than the monazite sand and the associated uranium, thorium and their naturally
occurring daughter (breakdown) products.

3.4.2 RCRA Hazardous Waste Characteristics

The classification of material as hazardous waste can be either a result of the material
being specifically listed as a hazardous waste, or as a result of exhibiting a
characteristic of hazardous waste.  Four characteristics are designated for the
determination of hazardous waste:

Reactivity
Corrosivity
Ignitability
Toxicity

The characteristic of toxicity (Toxicity Characteristic Leaching Procedure TCLP Test)
has thresholds set and specific extraction methods proposed for three sets of
parameters: Metals, Volatiles and Semi-volatiles.  All three characteristics were
analyzed on the samples submitted.

The determination of whether the material might be classified as a hazardous waste was
of a concern for the subsequent management of the material, should off-site removal
and disposal be proposed as a remedial measure in the future. Two samples from the
elevated gamma locations were submitted for hazardous waste characteristic testing.
These samples had to be selected before the radioactive analyses were conducted due to
the volume of sample required for the analyses. The results of the waste characteristic
testing are presented in Table 7.
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None of the parameters tested for either sample submitted exhibited characteristics
which would result in the classification of the sampled material as hazardous waste.
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4.0 ELEMENTARY RADIOLOGICAL RISK ASSESSMENT

An elementary radiological risk assessment for the Lindsay Light II site shows that the
only potential exposure pathway to members of the general public working at or using
the site parking facilities is via direct exposure. The most concem would be for the
parking lot attendants who man the cash booths. Both of the check-out booths on site
are located in background areas and therefore, individuals working at these locations
would incur no greater risk than anyone else in the downtown Chicago area with regard
to direct radiation exposure. Further, these individuals are typically captive in the
cashier booth due to the volume of business and they do not typically walk around the
site during slow periods. Therefore, the most reasonable scenario for exposure
becomes an individual member of the public who parks their car in the lot in the same
location each day and which corresponds to the location of the highest Bicron reading
of 165 yRem/hr at one meter from the surface. If we assume that this individual parks
in this location 250 days per year and spends a minimum of 5 minutes per day outside
the car directly over the highest measured location, the calculated annual dose would be
165 yRem/hr x 250 days/yr x 5 min/day x 1 hr/60 min. = 3.438 yRem/hr or 3.4
mrem/yr. This calculated dose would only apply to an individual who spent time
outside the car without moving off the elevated location. This may be a reasonable
scenario for summer months but seems more unlikely for winter months. Further, the
likelihood of someone parking in the same location every day without a reserved
parking space is very remote.

In a more realistic case where an individual only occasionally (say 20 percent of the
time) parks in the location where he could be subjected to the maximum dose rate, the
actual annual dose is likely much less than 1 mrem/yr (165 ysRem/hr x (0.2 x 250
days/yr) x 5 min/day x 1 hr/60 min. = 687.6 yRem/hr or 0.69 yRem/yr). Such a dose
satisfies all current as well as all proposed federal regulations concerning allowable
doses to individual members of the general public from sources of residual radioactive
material accessible by the general public in unrestricted areas. Under either the
maximum exposure conditions or the realistic conditions, the site does not present a
risk beyond that of the normal radiation environment in the downtown Chicago area.
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5.0 CONCLUSIONS

The investigation of the 316 E. Illinois site had three principal objectives. These were
to identify the apparent distribution or location of the contamination at the site,
document the type and relative quantities of radioactive materials, and determine
whether the material exhibited characteristics of hazardous waste.

The distribution and location of the radionuclide contamination is evident in the
overland gamma survey results using a Nal scintillometer. These data identified eleven
(11) relatively small areas and one (1) larger area with elevated gamma readings. The
larger area appears to lie within the footprint of the former stable building. The
western one-third of that building footprint exhibits the highest readings found on-site
in the surface gamma survey. The remaining areas may be the results of tracking of
radioactive material from the building during demolition of the structure and subsequent
site grading. The more distant locations generally show lower levels of gamma
radiation.

The overland survey of locations with elevated gamma radiation using a Bicron tissue
equivalent meter showed similar elevated readings for most of the 12 identified areas.
Background threshold values of m + 2¢ were exceeded in 10 of the 12 areas (except
areas 1 and 2). The highest reading was near the southeast comer of the building at
station 76E 4N, where a reading of 165.5 yrem/hr was measured at a one meter
(typical whole body dose) elevation. At that location. a surface (1 cm elevation)
reading measured 650 usrem/hr.

These overland gamma survey results show consistently low background readings with
areas of elevated gamma readings greater than the average background plus 2 standard
deviations. These data suggest the surface gamma surveys using the 2x2 inch Nal
scintillometer equipment are capable of identifying the areal extent of gamma-emitting
materials on site with an accuracy of about 1 to 2 meters for the contaminant borders.
The down-hole survey results show distinctly different gamma readings in background,
transitional and elevated gamma areas. The consistency of the natural soils at depth
and the shallow depth of all the materials showing elevated gamma readings indicates
this method and equipment is capable of distinguishing the depth of gamma-emitting
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materials in the subsurface. These data indicate that the material exhibiting the highest
gamma radiation is at a depth of 0.8 to about 1.4 meters. The consistently low
readings in the upper 0.4 meters, even in areas where the highest subsurface reading
are measured, indicates this surface blanket of asphalt, base course gravel and fill is not
a zone of contamination, but rather an existing barrier, isolating the contamination
present at greater depths.

These overland gamma and down-hole gamma surveys define in general terms the
distribution and location, both horizontally and vertically of the radioactive
contamination.

The samples which were submitted for chemical analyses showed no characteristics
which could result in their classification as hazardous waste. The radioactive analysis
found the gamma-emitting radionuclides present are characteristic of the thorium and
uranium decay series. The isotopic uranium and isotopic thorium analyses indicate the
relative ratios of these elements are typical of the ratios which would be found in
monazite sands from which thorium was reportedly extracted on-site.

On the basis of the gamma spec and isotopic thorium and isotopic uranium analyses,
there is no indication of a radioactive contamination source other than the monazite
sand containing naturally occurring uranium, thorium and their respective breakdown
products. An elementary radiological risk assessment for the Lindsay Light II site
shows that the only potential exposure pathway to members of the general public
working at or using the site parking facilities is via direct exposure. Under either the
maximum exposure conditions or the realistic conditions (discussed in Section 4.0), the
site does not present a risk beyond that of the normal radiation environment in the
downtown Chicago area.
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Sample Number

CD-S156E49N-2-3 1
CD-S156E49N-2-3 1
CD-S156E49N-34 1
CD-S82E25N-2-3 2
CD-S82E25N-34 2
CD-S78E18N-2-3 3
CD-S78E18N-3-4-9 3
CD-S78E18N-34 3
CD-S89E16N-2-3 2
CD-S89E16N-3-4 2
CD-S81E5N-2-3-9 3
CD-S81E5N-34 3
CD-S81E5N-2-3 3

Sample Number

CD-S156E49N-2-3
CD-S156E49N-2-3
CD-5156E49N-3-4
CD-S82E25N-2-3
CD-S82E25N-3-4
CD-S78E18N-2-3
CD-S78E18N-34-9
CD-S78E18N-34
CD-S89E16N-2-3
CD-S89E16N-3-4
CD-S81E5N-2-3-9
CD-S81E5N-3-4
CD-S81E5N-2-3

1- Background sample
2. Transitional sample

( - (
Table 4
GAMMA SPEC ANALYSIS*
(concentration in pCi/gm)
Lab Number  K-40 Co-57 Co-60 Y-88 Cd-19  Sn-113 1-129 Cs-137
5179-001 13.9
5179-001Dp 7.53
5179-002 12
5179-003
5179-004
5179-005 149
5179-008 35.1
5179-009
5179-006
5179-007
5179-010 42.1
5179-011 85.1
5179-012
Lab Number Ce-139 Ce-141° Hg-203 T1-208** Pb-210 Pb-212  Bi-212
5179-001 1.56
5179-001DP
5179-002 1.84
5179-003 131 53 322 271
5179-004 175 485 341
5179-005 544 1250 1160
5179-008 134 33.9 352 264
5179-009 127 30.6 319 257
5179-006 20.1 18.3 563 418
5179-007 19.6 55.3 40.6
5179-010 168 361 299
5179-011 288 393 754 579
5179-012 230 104 574 466

3 - High Gamma sample

*Laboratory results in Attachment E.

**TR-208 has not been corrected for branching.
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Table 4
GAMMA SPEC ANALYSIS (cont.)*
(concentration in pCi/gm)
Sample Number Lab Number Ra-223 Ra-224 Ra-226 Ra-228 4 Th-228 Th-230
CD-S156E49N-2-3 5179-001 1.24 <1.12 <6.49 <186
CD-S156E49N-2-3 1 5179-001Dp <0334 <1.62 <174 <82.9
CD-S156E49N-34 1 5179-002 1.78 <1.14 <5.70 <15.7
CD-S82E25N-2-3 2 5179-003 626 393 60.7 418 543 <149
CD-S82F25N-34 2 5179-004 133 9.78 53.9 106 <248
CD-S78E18N-2-3 ? 5179-005 1660 162 1850 2040 <252
CD-S78E18N-34-9 2 5179-008 406 47.2 443 438 <142
CD-S78E18N-34 3 5179-009 803 384 414 412 528 <147
CD-S89E16N-2-3 2 5179-006 1z 485 15.1 655 855 <65.6
CD-S89E16N-34 2 5179-007 13.9 59.6 <53.1 <269
CD-S81E5N-2-3-9 3 5179-010 758 92.6 475 760 <679
CD-S81E5N-34 3 5179-011 964 39.1 965 1160 <195
CD-S81E5N-2-3 3 5179-012 123 631 131 741 936 <194
Sample Number Lab Number Th-234 Pa-234 U-234 U-235 Am-241
CD-S156E49N-2-3 5179-001 <1.76 <57.2 <0.689
CD-S156E49N-2-3 5179-001Dp <361 <723 <1.18
CD-S156E49N-3-4 5179-002 <1.92 <51.1 <0.614
CD-S82E25N-2-3 5179-003 65.9 <392 <4.61
CD-S82E25N-34 5179-004 35.9 <1850 <2.83
CD-S78E18N-2-3 5179-005 159 579 <679 <7.96
CD-S78E18N-3-4-9 5179-008 80.3 <361 <4.10
CD-S78E18N-34 5179-009 73.8 <381 <4.53
CD-S89E16N-2-3 5179-006 <359 <173 <1.93
CD-S89E16N-34 5179-007 <720 <2040 <3.12
CD-S81E5N-2-3-9 5179-010 <195 <5220 <8.14
CD-S81E5N-34 5179-011 <125 <492 <5.75
CD-S81E5N-2-3 5179-012 121 <514 <6.18

1. Background sample

2 - Transitional sample

3 - High Gamma sample

4 . Ra-228 does not have a gamma emission; concentrations are based on Ac-228 values.

*Laboratory results in Attachment E.




Table 5a

ISOTOPIC URANIUM BY ALPHA SPECTROSCOPY*
(concentration in pCi/gm)

U-235
Sample LabNo. U238 U-236 U-234
CD-S156E49N-2-3 9369-001 1.62 +0.55 0.08 +0.12 1.66 +0.56
CD-S78E18N-2-3 9369-002 320 6.8 3.25 +1.08 30.0 +6.4
CD-S81E5N-3-4 9369-003 82.8 +17.2 104 +£2.6 89.6 +18.6
~— CD-S81E5N-2-3 9369-004 524 +11.1 7.47 +2.04 51.1 +10.8

_ J *Laboratory results are in Attachment E. (Errors reported at 2 standard deviations)
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RNATIO)

ITAS St. Louis Lab

INTE ITAS St. LOUIS PROJ: 837.01 Revision Number 1

TECHNOLOGY . . Stan Dste: 04/15/94

CORPORATION Isotopic Thorium Analysis

BATCM: 38993
SAMPLE PREP | ALIQUOT COUNT BKGD [DET.| EFF | RO ROW2 RO ROI%4
NUMBER DATE | ()" DATE [TIME [TIME NO. Th-232 BKGD | TH-230 | BKGD | TH-28 | BxGD | TH-228 | BKGD
LCS 38963 06-07-84 2,0000 08-08-54 200] 4000] 1] 0310 1018 71 1002 176 777 [ 1138 84
BLK 38993 06-07-94 2,0000 |08-06-54 200] 4000] 2] 0317 3 4 108 86 891 43 31 105
5179-001 08-07-94 2.0891 |06-06-54 200] 4000 3| _0.307 58 141 212 208 658 121 86 108
5178-001DUP__ |06-07-94 2.0208 |08-09-94 00| 4000 8] 0.310 % 62 59 114 389 32 59 102
5179-005 06-07-94 0.0104 J06-06-94 200] 4000] 5] 0311 286 138 228 24 1425 59 334 122
5179-011 06-07-94 0.0101 |06-06-94 20| 4000] 61 0311 327 153 131 p77) 867 107 417 127
5179012 06-07-94 0.0101 J06-06-94 200] 4000] 7] 0308 227 89 105 153 903 59 260 91
TRACER pCl added: 9.01 CALCULATED LEG DATE: 06/08/94
LCS Th-232 pClmatrix: 515 i %
LCS Th-230 pCilmatrix: 420 -G
REVIEWED BY: DATE 67 ?

0000001




Quanterra St. Louis

Isotopic Uranium Analysis Project: 537.01
Batch: 38993
SAMPLE [ PREP [ALIQUOT COUNT BKGD DET ROI'#1 ROl #2 ROI#3 ROI #4
NUMBER DATE )] DATE |TIME (MIN)[TIME (MIN)}  NO. EFF. U-238 BKGD U-235, BKGD U-234 BKGD U-232 BKGD
U-236
LCS 38993 6/794] 2.0000]  6/9/94 100 4000 10310 205 87 ) 88 220 93 349 84
BLK 38993 6/7/84]  2.0000 6/9/94 100 4000 2 0.317 53 1 3 30 75 305 57
5179-001 6/7/94] 2.0891 6/9/94 100 4000 3 0.307 12 149 3 112 8 147 2 119
5179-0010UP 6/794| 2.0208 6/994 100 4000 4 0.308 3 58 1 49 8 79 19 111
5179-005 67841  0.0104 6/9/94 100 4000 5 0.311 21 153 7 112 26 102 326 91
5179011 67/84] 00101] 6//4 100 4000 6] __ 0311 2 129 1 130 23 117 321 101
5179012 6/794] 0.0101 6/9/94 100 4000 7 0.308 18 80 1 62 21 54 329 69
TRACER pCi added: 10.28 CALCULATED 8Y: DATE: 6/9/34
LCS U-238 pCi/matrix: 2.7

REVIEWED BY:

0000002 Rev. 2
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@uante;'ra

Emvronmental
Services

Quanterra Incorporated
13715 Ruder Trail North
Earth Cin: Missouri 63043

314 298-8300 Telephone
314 298-8757 Fax CASE NARRATIVE

Kerr - McGee Corporation
3301 N.W. 150th Street
Oklahoma City, OK 73134

ATTENTION: Garet E. Van De Steeq

October 3, 1995

Page 1 of 2

PROJECT NUMBER: 578.03

DATE RECEIVED: May 24, 1994
NUMBER OF SAMPLES: Four (4)
SAMPLE MATRIX: Soil

I. Introduction

On May 24, 1994, twelve (12) samples were received at Quanterra
Environmental Services at St. Louis from STS Consultants. On September
18, 1995 an additional analysis was requested by Kerr - McGee for the
samples listed below. The list of analytical tests performed, as well
as receipt and analysis, can be found in the attached report. The
samples were labeled as follows:

CLIENT QUANTERRA
SAMPLE ID SAMPLE ID
CD-S156E49N-2-3 9369-001
CD-S156E49N-2-3 9369-001MsSD
CD-S156E49N-~-2-3 9369-001Ms
CD-S78E18N-2-3 : 9369-002
CD-SB15E5N-3-4 93695-003
CD-S81E5N-2-3 9369-004

II. Analytical Results/Methodology

The analytical results for this report are presented by analytical
tests. Each set of data will include sample identification information,
the analytical results, and the appropriate detection limits.

The analysis requested include: Isotopic Uranium by EPA method U-NAS-
NS-3050



Quanterra

Environmental
Kerr - McGee Corporation Services
Project Number: 578.03
October 3, 1995

Page 2 of 2

III. Quality Control

The QA/QC information can be found immediately following the analytical
data. This QA/QC data are used to assess the laboratory's accuracy and

precision during the analytical procedure.
IV. Comments/Nonconformances

See the attached correspondence attached in regards to QC analysis.
Sample CD-S156E49N-2-3 (9369-001) was chosen for an MS and Dup which is
normally performed for Kerr-McGee projects. The lab mistakenly ran an
MS and MSD and these QC results are reported.

See the attached Conversation Records in regards to running Alpha Spec.
Analysis for 4 samples received from STS in May 1994. Quanterra
processes the Alpha Spec analysis by using Region of Interests not Pulse
Height as indicated in Mr. Berggreens’s letter dated 9/20/95.

ISOTOPIC URANIUM
. 234 235 238 Do
The comparison of the U™, U and U results indicate that the sample
is of natural isotopic ratiocs, not enriched.

I certify that this Case Narrative in compliance with the terms and
conditions of the contract, both technically and for completeness, for
other than the conditions detailed above. Release of the data contained
in this hardcopy data package has been authorized by the laboratory
manager or his designee, as verified by the following signature.

Reviewed and approved:
177

— ,‘,' 1y
//‘: .{/_-\l_ N '/ ) /i_ (.L!—/.‘I_ / “

(L

Diane W. Mueller
Project Manager



Project Msnager: D. Mueller

Draft: Final:

Sample Header Template:

Entered and Reviewed by:

Account:

1"

/4

Quanterra September 28, 1995 03:47 pm
578.03 Kerr McGee QAS No.
te Login

Project:

Master S

Review:

—

9369

578.03 Rev.

M@M@/ 9875~

Sample No. Client 1D C-Matrix ‘Date: Collected Received Due Shipper Rad Category Rad Ssmple No.
Comments
# Container Type Analysis . Class Preservative Anal. Due Date Hold Date Site (Container Numbers:X Filled)

Data:

9369-001 CD-S156E49m-2-3 Soil 22-MAY-94 12:40 24-MAY-94 09:10 04-OCT-95 IN HOUSE 2 Screening not Required
1 AN - Amber Glass-500ml RAD/ 1S0U/Q4 S COLD 02-0CT-95 20-N0V-94 R19D (179516:25)

9369-0010UP CD-S156E490-2-3 Soil 22-MAY-94 12:40 24-MAY-94 09:10 04-0OCT-95 IN HOUSE 2 Screening not Required
1 AN - Amber Glass-500mt RAD/ 1SOU/Q4 S CoLD 02-0CT-95 20-NOV-94 R19D (179516:25)

9369-001MS CD-S156E49N-2-3 Soil 22-MAY-94 12:40 24-MAY-9% 09:10 04-0CT-95 IN HOUSE 2 Screening not Required
1 AN - Awber Glass-500mt RAD/ 1S0U/04 S COLD 02-0C1-95 20-N0V-9% R19D (179516:25)

9369-002 CD-STOE18N-2-3 Soil 22-MAY-9% 16:00 24-MAY-9% 09:10 04-OCT-95 IN NOUSE 3 Screening not Required
1 AN - Amber Glass-500ml RAD/ 1SOU/04 S coLb 02-0CT-95 20-NOV-94 RI19D (179517:25)

9369-003 CD-SB1ESN-3-4 Soi l 22-MAY-94 15:00 24-MAY-94 09:10 04-0CT-95 IN HOUSE 3 Screening not Required
1 AN - Amber Glass-S500ml RAD/1S0U/Q4 S coLp 02-0CY-95 20-NOV-94 R19D (179518:25)

9369-004 CD-SB1E5N-2-3 Soil 22-MAY-94 15:00 24-MAY-94 09:10 04-0CT-95 IN HOUSE 3 Screening not Required
1 AN - Amber Glass-500ml RAD/1SOU/Q4 S coLb 02-0CT-95 20-NOV-9% R19D (179519:25)

3*=Sample has not been rad screened.
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TTAS - St. Louis June 07, 1990 02:40 pm
Account: 10952 Project: 537.01 STS Comultunts QAS No. 563 Rev.
Master Sample Login: 5179
Project Managers _ J. Powell

oraft: < Einely” . Entered and Reviewsd by Vﬁgﬁw

Sample Header Template: dm d(li(i

Sample No. - cu-m ] . CeMatrix ‘Date; Cotlected Received Oue Shipper  Rad Category Red Sample Mo,
Comments S o y
# Container lypc Anslysis . Class Preservative Ansl. Due Date Hold Date Site (Container Nusbers:X Filled)
Data:
$179-000 s L] &-M‘-’_ﬁ 12:40 24-MY-9%% 09:10 1_6-“-9_‘ FED-EX R2312-012
B Tl : . . . e
1 AN+ Amber Glage-500mL-. 8 COW . 09- JUN-D4 20-NOV-94 R19D ( (%zm) )
1 s oo 09-JUN-94 20-0OV-94 R190 :
$ OO 09- Jun-94 20-N0V-9% R19D (79580:100)
s oow 09- Jun-94 20-NOV-94 R19D (79580:100)
22-MAY=94 12¢40 26-PAYT~9% 0910 14 AM-9% FED-EX R2312-012
-8 Mo 09+ JUN-9% . 20~-NOV-9% R19D (795080:100)
| TS 12030 26-WAT-% 01D 1496 FEDSEX 2 aS1zeOn
s$ cow o 09096 - 20°NOV-9% RIPD (79581:100)
s oo 09- JUN-9% 20-N0V-5% R19D (79581:100)
2Z-MY-96 13365 MT-%6 09,10 1AM FROBK 3 az312-010
B TN - 1 RV 28 T I 20-NOV-9% R190 (79584:100)
$ coLp 09- Jun-94 20-NOV-94 R190 (79584 :100)
22-MAV-96 14105 ﬂfﬂ'v?ﬂ_ 09210 1‘-“-96 FED-eX - a2312-009
$ oo 09~ JuN-9% 20-NOV-9% R19D (79583:100)
s coow 09-Jun-9% 20-NOV-9% R19D (79585:100)
R-WY-9 16 9% 09310 14-AM-94 FEQ-EX. 12312-008
s oow 09 AM-9% . 01: AB-94 R19D (7959:100)
s CcoLD 09- JUN-9% 05-JUN-9% R190 (79555:100)
s COW 09-Jun-9%4 22-200-9% RO t79595:100)
] coLo 09- JuN-9% 21-NOV-9% R19D
H coLp 09- AM-94 20-NOV-94 R19D
S OO 09- Jun-9%4 20-N0V-9% R19D
] CoLD 09- JUN-96 20-NOV-9% R19D
$ oow 09- JUN-9% 20-NOV-9% R150
1 AN - Amber Glaan-2900 - CH/SONR/BE T T QRSN 0% 94 RIPD -
3*ssample has not besn red screened.
Page 1

P ~




ITAS - St. Louis_ June 07, 7%0% 02:40 pm
Account: 10952 Project: 537.01 STS Consultants QAS No. S63 Rev. 0
Master Sample Login: 5179
‘Project Manager: §, Povell :

Drefts Finels . Entered and Reviewed by: PN Reviews_
Sasple Header Template:
Sample No. Client 10 .. GeMatrix *Dete: Collected Received Oue shipper  Rad Category Red Ssmple Mo,
Comments o : i
# Container Type . Class Preservative Anal. Dus Date Nold Date Site (Container Wumbers:X Filled)
Dats:
1 S (oD - JON- TE-wov-3 it (5L :100)
$ coLo 09- JUN-94 19-20-94 R19D (79594:100)
1 s Ccow 09- JUN-94 05-Ju-9 R19D (795%4:100)
1 s CoLD 09- JUN-94 18-M0V-94 R19D (79594:100)
1 $ oo O0V- Jun-94 29-MAY-94 R190 (79594:100)
1 $ Cow 09- AM-94 19-N-94 R19D (7959:100)
2 AN - Ambor Glees<120W - .- . TOC/9D80/0% - '8 CcoOw 09- Jl-94 19-AM-94 R19D (79590:100 79591:100)
2 s C 09- JUN-9%4 08-JUN-94 1098 (79592:100 79593:100)
2 s oo 05-JUN-94 1098 (79592:100 79593:100)

" 20-N0V-94 A1

Sl 20-0N-9% RID

20-N0V-9% R19D

‘§  Cow 09- JUN-9%
s CcoLo 09-Ju-94

20-NON-96 R190
20-NOV-9% R19D

¥ ] coLo 09- JUN-9%
s coLp 09- JUN-94

20-N0V-9% R19D
20-N0V-9% R19D

5179-01Q - - 22-WAY-94 15500 24-MAY-9% 09310 14-JUN-9% FED-EX
1 AN - Amber Glaes<S00mL - . ' i RAD/GAMRAZO4 o 8§ -COoW 09- AM-94 20-uOV-94 R19D
1 RAD/SCREEN/04 s  cow 09- JUN-9% 20-N0V-9% R190

suv-ety 34 Sofl . . Z2-WAY-%% 15100 24-MAY-94.09¢10 14-AM-9% FED-EX

3*sgample hes not been red screened.

i 2O MON-98 RIMD..:

22-MY-9% 16100 26-MAT:%% G910 16- - 9% FED-EX

.. RRWAY:96 16100 2h-MAT-96 09010 14-20:-94 FEOEX

. az312-007

(TN 3:90):

(T9613:90)
"Z3132-008

(79624:90)

(79624:90)
R2312-005
(79625:90)
(79625:90)
R2312-004
(79630:90)
(79630:90)
R2312-003

(79635:90)
(79635:90)




iTAS - St. Louis June 07, 199K 02:40 pm

Account: 10952 Project: S537.01 STS Comult.ntl QAS No. 583 Rev. O
. Master Sample Login: S179
Project Manager: J. Powell
orafts Finals Entered and Reviewsd by: PH Reviews
Sample Header Template:
Sample to. T Client 10 L blttriu ‘Dete: Collected Received Oue shipper  Rad Cstegory Rad Ssmple Mo,
Comments RS .
# Container Type Amlylll . Class Preservetive Amal. Due Date Hold Date Site (Container Numbers:X Filled)
Data:
1 RAD7TE0TH7ok H coLd - JUN - ~-NOV-94 R ( :90)
1 RAD/1S0U/04 s coLb 09- JUn-9% 20-N0V-9% R1%D (79636:90)
1 RAD/SCREEN/04 H coLd 09- Jm- 9% 20-NOV-94 R190 (79636:90)
5119‘{“}__- 224“1-96 15:00 _Z‘_.-.l___.lf.'?‘_ 09:10 l@'ﬂ*ﬂ.ﬂ_psﬂ_ .3 R2312-001
1 AN ¢ Asber Glass-500ml FTCAY, $ O - 09+ JUN-9% 01-JUN-9% R19D" (79644 :100)
1 EXT/TCLP/G4 3 ooLd 09- 2M-9% 05--94 R19D (79644 :100)
1 NG/TCLP/O4 L coLd 09- AN-9% 22-AM-9% R19D (79644 :100)
1 1CAP/TCLP/OA s caLo 00- JuN- 9% 21-N0V-94 R190 (796“ 100)
1 RAD/GAOA/OL S CoLD 00- RN-94% 20-00V-94 119D
1 RAD/1SOTH/04 s coLp 09- Jun-94 20-NOV-94 R19D
1 RAD/ 1 SOU/O4 coLD 09- Jun-94 20-HOV-94 R190
1 WISGEEII“ H coLp 09-JuN-94 20-NOV-9% R190
1 AN - Amber Glass-250 - - .. CW9010/04: - s coLd 09 JN-9% . 05-00-96 190 .
1 FLPT/1010/04 s oL 09- An-9% 18-N0V-94 R19D
1 PAINT /79095 /04 s oL 09- JUN-94 19-U8-96 R19D
1 PH/POAS 704 s coLD 09- JUN-9 05-JuN-9% R190
1 MZIT/04 t 3 coLp 09- -9 18-N0V-94 R19D
1 $/9030/04 H coLo 09- AN-9% 29-MAT-94 R19D
1 _ TOR/9020/04 s oW 09- JUN-9% 19-U4-96 R19D
2 AB - Mber Gleas<i20ML. .. - .:TOL/79060704 s oW 09-2M-9% . - 19-3M-94 190 ('N“B 100 79651:100)
2 VOA/TCLP/04 s coLp 09- JuN-94 08-JuN-9% 1098 (79646:100 79647:100)
2 2ERO/TCLP /704 S oL 09- JUN-94 05-JuN-94¢ 1098 (79646:100 T79647:100)
3*=Sample hss not been rad screened.
Page 3




Category: Isotopic Uranium

Method:
Matrix: Soil

NAS-NS-3050

Kerr McGee
3301 W.W. 150th Street
Oklahoma City, OK 73134

Project: 578.03

Quanterra

Environmental
Services
Report Date: 10/03/9%

Date Sampled: 05/22/9%
Date Received: 05/24/9%

Client Quanterra Prep Date 2 Sigma

10 D Parameter Date Analyzed Result Units Error MDA
(+/-)

CD-S156E49N-2-3  9369-001 Uranium-238 09727795 10/03/95 1.62 PCL/G 0.55 0.14

CD-S156E49N-2-3  9369-001 Uranium-235/236 09/27/95 10/03/95 0.08 PC1/G 0.12 0.16

CD-S156E49N-2-3  9369-001 Uranium-234 09/27/95 10/03/95 1.66 PC1/G 0.56 0.12



Category: lsotopic Uranium

Method:
Matrix:  Soit

NAS-NS-3050

Kerr McGee
3301 N.W. 150th Street
Oklahoma City, OK 73134

Project: 578.03

Yuanterra

Environmental

Services
Report Date: 10703795
Date Sampled: 05/22/%
Date Received: 05/24/96

Client Quanterra Prep - Date 2 Sigma

10 10 Parameter Date Analyzed Result  Units Error MDA
(+/-)

CD-S156E4ON-2-3  9349-001MS Uranium-238 09/27/95 10/03/95 144 XREC

CO-S156E4ON-2-3  9369-001Ms Uranium-234 09/27/95 10/03/95 157 AREC



Category: lsotopic Uranium

Kerr NcGee
3301 H.W. 150th Street
Ok(lahome City, oKk 73134

Project: 578.03

Quanterra

Environmental
Services
Report Date:  10/03/95
Date Sampled: 05/22/9%
Date Received: 05/24/94

Prep Date
Date Analyzed

CD-S156E49N-2-3
CD-S156E49N-2-3

09/27/95 10/03/95
09/27/95 10/03/95

2 Sigma
Result Units Error MDA
{+/-)
124 XREC
128 XREC



Kerr McGee

3301 N.W. 150th Street

Oklshoma City, OK 73134

Quanterra

Environmental
. Project: 578.03 Services
Category: Isotopic Uranium Report Date:  10/03/95
Method:  NAS-NS-3050 Date Sampled: 05/22/9%
Matrix: Soil Date Received: 05/24/9%
Client Quanterra Prep Date 2 Sigms
1D {1] Parameter Date Analyzed Result Units Error MDA
(+/-)
CD-S78E18N-2-3 9369-002 Uranium-238 09/27/95 10/03/95% 32.0 pPcl/G 6.8 0.2
CD-S78E18N-2-3 9369-002 Uranium-235/236 09/27/95 10/03/95 3.25 PC1/G 1.08 0.27
Ch-S78E18N-2-3 9369-002 Uranium-234 09/27/95 10/03/95 30.0 PCl1/G 6.4 0.2



Kerr McGee

3301 N.W. 150th Street

Oklahome City, OK 73134

Quanterra

Environmental
. Project: 578.03 Services
Category: Isotopic Uranium Report Date: 10/03/95
Method:  NAS-N$-3050 Date Sampled: 05/22/9%%
Matrix: Soil Date Received: 05/24/94
Client Quanterra Prep Date 2 Sigms
10 10 Parameter Date Analyzed Result Units Error MDA
(+/-)
CD-S81ESN-3-4 9369-003 Ursnium-238 09/27/95 10/03/95 82.8 PCl/G 17.2 0.2
CD-SB1ESN-3-4 9369-003 Uranium-235/236 09727795 10/03/95 10.4 PCI/G 2.6 0.2
CD-SB1ESN-3-4 9369-003 Uranium-234 09727795 10/03/95 89.6 PCI1/G 18.6 0.2



Kerr McGee

3301 N.W. 150th Street

Oklahoms City, OK 73134

Puanterra

Environmental
Project: 578.03 Services
Category: Isotopic Uranium Report Dete:  10/03/95
Method:  NAS-NS-3050 Date Sampled: 05/22/%
Matrix: Soil Date Received: 05/24/94
Client Quanterra Prep Date 2 Sigma
10 10 Pacameter Date Analyzed Result Units Error MDA
(+/-)
CD-S81ESN-2-3 9369-004 Uranium-238 09/27/95 10/03/95 S2.4 PCI/G 111 0.2
CD-S81ESN-2-3 9369-004 Uranium-235/236 09/27/95 10/03/95 7.47 PCI/G 2.04 0.31
CD-S81ESN-2-3 9369-004 Uranium-234 09/27/95 10/03/95 51.1 PCl1/G 10.8 0.3



§§;: kmuo (1)) &

N.W. th Street

Oklshome City, OK 73134 yuan erra
Environmental

Project: 578.03 Services

Category: Isotopic Ursnium Report Date: 10/03/95

Method:  NAS-NS-3050 Date Sampled: N/A

Matrix: Soil Date Received: N/A

Client Quanterra Prep Date 2 Sigme

10 10 Parameter Date Analyzed Resylt  Units Error MDA
(+/-)

NA QCBLK78772-1 Uranium-238 09/27/95 10/03/95 -0.0007 pPC1/G 0.0014 0.095¢9

NA QCBLK78772-1 Uranium-235/236 09/27/95 10/03/95 0.10 PCI/G 0.12 0.14

NA QCBLK78772-1 Uranium-234 09/27/95 10/03/95 -0.001 pc1/G  0.002 0.105



Category: Isotopic Uranium
Method: NAS-NS-3050
Matrix: Soil

Kerr McGee
3301 N.W. 150th Street
Oklahoma City, OK 73134

Project: 578.03

Q‘/‘uanterra

Environmental
Services
Report Date: 10/03/95

Date Sempled:
Date Received:

/A
R/A

Client Quanterra Prep Date 2 Sigma
ID 10 Parameter Date Analyzed Result Units Error MDA
(+/-)
NA QcLCS78772-1 Uranium-238 09727795 10/03/95 146 XREC
09727795 10/03/95 126 AREC

NA acLcs78772-1 Uranium-234



Alpha
~ Spectroscopy
: Uranium

s7F 03
9349

ALPHSPEC.DOC



DATA
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DATA REPORTS AND CHANNEL
BY CHANNEL REPORT

ALSPDR2.DOC

00000:2



QUANTERRA
St. Louis

ALPHA SPECTROSCOPY REPORT
3-0CT-1995 08:59:44

[ Z XX EZZEREAEE RS AR ERES SRR R AR RRRRR AR R R AR R iR R AR RER RS RRERRRRR R R R R R R 2 8

Spectral File: ND_AMS_ARCHIVE_S:S_78772$9369-001_UU.CNF

kkdk kbbb hhbhhhhrhkhrhhkhhhkhrhhrhhhhhhhhhdhdddhddhddhddddddhddidddikddihidiik
*

RELEASE/BATCH # 78772 * SAMPLE ID: 9369-001
SAMPLE DATE: 3-0CT-1995 00:00:00. * ALIQUOT: 1.026E+00 gram
SAMPLE TITLE: * DETECTOR NUMBER: 005
ACQ DATE: 3-0CT-1995 06:49:30. * AVERAGE EFFICIENCY: 31.3%
ELAPSED LIVE TIME: 5989. * RECOVERY: 42.25%
TRACER ID: U-232 * TRACER FWHM (kev): 36.60
LAMBDA VALUE: 1000. * ROI TYPE: STANDARD
CORRECTED TRACER DPM: 22.518 * MDA MULTIPLIER: 4.65
SAMPLE MATRIX: SOIL * MDA CONSTANT: 2.71
BKG FILENAME: B_005_29SEP95 *

*
LA Z SRR AR RERRRSEERRRRRRRRERRRRRERESR 2Rl AR R2ER Rl iR R AR 2R XXR XS RR SRS X2
et

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN ACTIVITY TPU/ERROR MDA CRIT LEVEL
AREA pCi/gram 2-SIGMA  pCi/gram pCi/gram

U-232 5302.5 296.75 0.25 99.8 9.884E+00 1.525E+00 1.677E-01 1.290E-01
U-234 4761.5 49.95 0.05 99.8 1.664E+00 ©5.624E-01 1.24%9E-01 1.076E-01 .. t
ﬁ-235 4385.5 1.93 0.07 80.9 7.910E-02 1.172E-01 1.637E-01 1.375E-01
U-238 4184 .4 48.88 0.12 100.2 1.621E+00 ©5.524E-01 1.444E-01 1.171E-01

I ZEEZ2SEREREERESE RS RS RS R RXER AR 22 X2 R X A0S 222 R At 2 R 2R

#%% DOSITIVE *#*

0000053



Spectrum : $1$DIA3: [ALPHA.ALUSR.ARCHIVE.S]S_78772$9369-001_UU.CNF; 1

Title : 005

Sample Title:

Start Time: 3-0CT7-1995 06:49:
Real Time : 0 01:39:48.99
Live Time : 0 01:39:48.99

15 b . ................ .....
10 ST .: ................ : ......
()4
Fe )
C
3J
Q
Q
5 ..........................
Qo .
o . .
o ~ :
(=4 : :
L= .
= oL | |

Sample Time: 3-0CT-1995 00:00: Energy Offset: 3.39533E+03

Sample ID : 9369-001 Energy Slope : 2.63077E+00
Sample Type: UU Energy Quad : -8.07213E-06

.

3500 4000

4500 5000 5500 6000
Energy (keV)



Channel Contents for ND AMS ARCHIVE S:S 78772$9369-001_UU

Channel
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QUANTERRA
St. Louis

Gross Sample Counts Within Peak Regions Generated:

Detector ID: S Acquisition Start:
Live Time: 0 01:39:48.99 Real Time:
Batch Id: 78772 Sample Id:
Sample Type: UU
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4170.82 45 0 32.36 295.08 262
2 0 4378.11 2 0 2.63 374.00 363
3 0 4744.73 50 0 73.64 513.74 482
4 0 5293.43 297 0 36.60 723.10 690
Background Counts Within Peak Regions Generated:
Acquisition Start:
Live Time: 2 18:32:49.99 Real Time:
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4158.51 5 0 3.95 293.50 262
2 0 4419.07 3 0 53.80 391.50 363
3 0 4742.21 2 0 83.39 513.50 482
4 0 5290.00 10 0 0.00 721.50 690

3-0CT-1995 08:59:02.24

3-0CT-1995 06:49:30.05
0 01:39:48.98%
9369-001

Pw Cts/Sec %Err Fit

64 8.18E-03 14.3
58 3.34E-04 70.7
64 B8.35E-03 14.1
64 4.96E-02 5.8

3-0CT-1995 08:59:13.10

29-SEP-1995 11:42:13.05
2 18:32:49.99

Pw Cts/Sec %Err Fit

64 2.09E-05 44.
58 1.25E-05 57.
€4 8.35E-06 70.
64 4.17E-05 31.

[ NE REN EEN |

6000058



QUANTERRA
St. Louis

ALPHA SPECTROSCOPY REPORT
3-0CT-1995 08:58:18

R R R T R R S 2 2222 22"

Spectral File: ND_AMS ARCHIVE_S:S_78772$9369-001MS_UU.CNF

R Ry T R Y R T PR R RS R R R PR R T P L L R
*

RELEASE/BATCH # 78772 * SAMPLE ID: 9369-001MS
SAMPLE DATE: 3-0CT-1995 00:00:00. * ALIQUOT: 1.021E+00 gram
SAMPLE TITLE: * DETECTOR NUMBER: 006
ACQ DATE: 3-0CT-1995 06:49:30. * AVERAGE EFFICIENCY: 30.4%
ELAPSED LIVE TIME: 5989. * RECOVERY : 33.44%
TRACER ID: U-232 * TRACER FWHM (kev): 69.99
LAMBDA VALUE: 1000. * ROI TYPE: STANDARD
CORRECTED TRACER DPM: 22.518 * MDA MULTIPLIER: 4.65
SAMPLE MATRIX: SCIL * MDA CONSTANT: 2.71
BKG FILENAME: B_006_29SEP95 *

*
I ZEE R X2 SRS R SRR SRR AR a2 2Rt s i i XX XX XX RS X2 2 R XX R 2222

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN ACTIVITY TPU/ERROR MDA CRIT LEVEL
AREA pCi/gram 2-SIGMA  pCi/gram pCi/gram

U-232 5302.5 227.80 0.20 99.8 9.934E+00 1.655E+00 2.089E-01 1.635E-01
U-234 4761.5 229.88 0.12 99.8 1.002E+01 2.358E+00 1.899E-01 1.540E-01
U-235 4385.5 14.93 0.07 80.9 8.029E-01 4.451E-01 2.143E-01 1.800E-01 '
U-238 4184.4 213.80 0.20 100.2 9.283E+00 2.210E+00 2.080E-01 1.62BE-01

IR R R REREEXERRASR SRR RS2 R RRRRRRERR 22 R2RR2Z2RRRSRAAR R R RR Rl

*** POSITIVE **x*

Ms spke 9, % c
24y 52250 /SFD

3% L /4/‘/70

000009



Spectrum : $13DIA3: [ALPHA
Title ¢ 006
Sample Title:

Start Time: 3-0CT-1995 06:49:

Real Time : 0 01:39:48,99
Live Time : 0 01:39:48,99

15.— ............... ......

Counts

0100000

.ALUSR. ARCHIVE.S]S_78772$9369-001MS_UU.CNF; 1

Sample Time: 3-0CT-1995 00:00: Energy Offset: 3.51785E+03
Sample ID : 9369-001MS Energy Slope : 2.38533E+00
Sample Type: UU Energy Quad : 1.14892E-04

.............................................

5000
Energy (kev)

6000



Channel Contents for ND AMS ARCHIVE S:S 78772$9369-001MS UU

Channel
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QUANTERRA
St. Louis

Gross Sample Counts Within Peak Regions  Generated:

Detector ID: 6 Acquisition Start:
Live Time: 0 01:39:48.99 Real Time:
Batch Id: 78772 Sample Id:
Sample Type: UU
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4191.84 214 0 26.53 278.81 235
2 0 4402.15 15 0 3.50 364.33 343
3 0 4749.36 230 0 67.73 504.05 469
4 0 5287.91 228 0 69.99 717.28 685
Background Counts Within Peak Regions Generated:
Acquisition Start:
Live Time: 2 18:32:49.99 Real Time:
Pk It Energy Area Bkgnd FWHM Channel Left
4168.03 0 2.39 269.00 235

8
4425.14 3 0 71.62 373.50 343
4744 .71 5 0155.17 502.00 469
5289.11 8 0 2.39 717.50 685

W
[eNoNeNe

3-0CT-1995 08:57:40.65

3-0CT-1995 06:49:30.06
0 01:39:48.99
9369-001MS

Pw Cts/Sec %Err Fit

69 3.57E-02 6.
62 2.50E-03 25.
67 3.84E-02 6.
66 3.BlE-02 6.

oy Oy 00 O

3-0CT-1995 08:57:52.12

29-SEP-1995 11:42:13.06
2 18:32:49.99

Pw Cts/Sec $%Err Fit

69 3.34E-05 35.
62 1.25E-05 57.
67 2.09E-05 44.
66 3.34E-05 35.

B

0060014



QUANTERRA
St. Louis

ALPHA SPECTROSCOPY REPORT
3-0CT-1995 08:56:59

[ ZEEZSEE XSS LRSS ERRRs Rttt il R Rt lis Rl ssssff s sl R R SRRR2X2 2t R A8

Spectral File: ND_AMS_ARCHIVE_S:S_78772$9369-001MSD_UU.CNF

I EE R E R X R E R R R R RS R X R R E R EXERR AR RS RR RS RXERRRRYII SRR RRRRRSRR RS RRS RS R R R RS &

*

RELEASE/BATCH # 78772 * SAMPLE ID: 9369-001MSD
SAMPLE DATE: 3-OCT-1995 00:00:00. * ALIQUOT: 1.010E+00 gram
SAMPLE TITLE: * DETECTOR NUMBER: 007
ACQ DATE: 3-0CT-1995 06:49:30. * AVERAGE EFFICIENCY: 30.5%
ELAPSED LIVE TIME: 5989. * RECOVERY: 44.07%
TRACER 1ID: U-232 * TRACER FWHM (kev) : 73.88
LAMBDA VALUE: 1000. * ROI TYPE: STANDARD
CORRECTED TRACER DPM: 22.518 * MDA MULTIPLIER: 4.65
SAMPLE MATRIX: SOIL * MDA CONSTANT: 2.71
BKG FILENAME: B_007_298EPS95 *

*

(22 EEEEEEEAERESSREEE SRR RSR R RERRRRRRRRSRsR AR R AR 2Rt a8

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN ACTIVITY
AREA pCi/gram

U-232 5302.5 301.28 1.72 99.8 1.004E+01
U-234 4761.5 256.50 1.50 99.8 8.550E+00
U-235 4385.5 13.48 1.52 80.9 5.541E-01

U-238 4184.4 249.70 2.30 100.2 8.288E+00

[ ZZZEXFERERFETEEEESEEL XSRS R SR AR S S SR SERSSSXES SRR RSRRS AR RSRR RS RER SRR 2 R R 2288

**%* POSITIVE ***

MS 5///(6 % Kec
ZBL{u §.3% F(L\(b 128
2% 1241

U

TPU/ERROR
2-SIGMA

1.543E+00
1.903E+00
3.348E-01

1.853E+00

MDA CRIT LEVEL

pCi/gram pCi/gram
2.93%9E-01 1.921E-01
2.802E-01 1.853E-01
3.476E-01 2.295E-01

3.240E-01 2.070E-01

0000015

N



Spectrum
Title

007

Sample Title:

Start Time:
Real Time
Live Time

20

Counts
=
o

9100000

3-0CT-1995 06:49:
0 01:39:48.99
0 01:39:48.99

3500

4000

$1$DIA3: [ALPHA. ALUSR. ARCHIVE.S15_78772%9369-001MSD_UU.CNF; 1

Sample Time:
Sample ID
Sample Type:

3-0CT-1995 00:00:
9369-001MSD
uu

Energy Offset:
Energy Slope :
Energy Quad

3.44659E+03
2.42252E+00D
7.87397E-05

...............

........................

L L

5500

N

6000

4500 5000

Energy (kev)



Channel Contents for ND_AMS_ARCHIVE_S:S_78772$9369-001MSD_UU

Channel
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QUANTERRA
St. Louis

Gross Sample Counts Within Peak Regions

Detector ID: 7

Live Time: 0 01:39:48.99 Real Time:

Batch Id: 78772 Sample Id:

Sample Type: UU

Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4184.78 252 0 9.86 301.76 261
2 0 4417.43 15 0 18.09 395.67 369
3 0 4751.90 258 0 58.41 529.70 494
4 0 5285.77 303 0 73.88 745.27 710
Background Counts Within Peak Regions Generated:

Acquisition Start:
Real Time:

Generated:

Live Time: 2 18:32:49.99

Pk It Energy Area Bkgnd FWHM Channel
1 0 4162.94 92 0136.20 294.50
2 0 4424.33 61 0137.36 395.00
3 0 4746.09 60 0 0.00 527.00
4 0 5291.81 69 0149.82 742.50

Acquisition Start:

Left

261
369
494
710

3-0CT-1995 08:56:15.71

3-0CT-1995 06:49:30.07
0 01:39:48.99

9369-001MSD

Pw

68
61
67
66

Cts/Sec %Err Fit

.21E-02
.50E-03
.31E-02
.06E-02

[Sa I - S I

nou o

NN Ww

3-0CT-1995 08:56:25.80

29-SEP-1995 11:42:13.07

2 18:32:49.

Pw

68
61
67
66

Cts/Sec

3.84E-04
2.55E-04
2.50E-04
2.88E-04

99

$Err Fit

10.
12.
12.
12.

O W m®

0060020



QUANTERRA
St. Louis

ALPHA SPECTROSCOPY REPORT
3-0OCT-1995 09:01:47

R R I R e R P P T R PR P T T T R T T T

Spectral File: ND_AMS ARCHIVE_S:S_78772$9369-002_ UU.CNF

R R R R Y R T YT SRS L
*

RELEASE/BATCH # 78772 * SAMPLE ID: 9369-002
SAMPLE DATE: 3-0CT-1995 00:00:00. * ALIQUOT: 1.025E+00 gram
SAMPLE TITLE: * DETECTOR NUMBER: 008
ACQ DATE: 3-0CT-1985 06:49:30. * AVERAGE EFFICIENCY: 33.1%
ELAPSED LIVE TIME: 5989. * RECOVERY : 28.77%
TRACER 1ID: U-232 * TRACER FWHM (kev): 64.23
LAMBDA VALUE: 1000. * ROI TYPE: STANDARD
CORRECTED TRACER DPM: 22.518 * MDA MULTIPLIER: 4.65
SAMPLE MATRIX: SCIL * MDA CONSTANT: 2.71
*

BKG FILENAME: B_008_29SEP95

*
I EE R RS R EZERRR R EE SRR RS R R il s i 2 X i i s i i i R ERSREZRRRRRREEZRRRRRRRRR X B

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN ACTIVITY TPU/ERROR MDA CRIT LEVEL
AREA pCi/gram 2-SIGMA  pCi/gram pCi/gram
U-232 5302.5 213.58 0.42 99.8 9.900E+00 1.68B5E+00 2.661E-01 1.959E-01
U-234 4761.5 646.88 0.12 99.8 2.998BE+01 6.387E+00 2.018E-01 1.637E-01
U-235 4385.5 56.83 0.17 80.9 3.249E+00 1.077E+00 2.662E-01 2.106E-01
U-238 4184.4 693.88 0.12 100.2 3.203E+01 6.790E+00 2.010E-01 1.630E-01

I EEEEZZ RS RS SRS RS EE SRR R RS RS R AR R RS R RERESRE AR R SRS RRRRRR XSS RRRRRERRSZER SR 2

*%% POSITIVE ***

00060021

L



2200000

Spectrum $1$DIA3: [ALPHA.ALUSR.ARCHIVE.S]1S_78772%$9369-002_UU.CNF; 1
Title : 008

Sample Title:
Start Time: 3-0CT-1995 06:49: Sample Time: 3-0CT-1995 00:00: Energy Offset: 3.56429E+03
Real Time : 0 01:39:48.99 Sample ID

9369-002 Energy Slope : 2.59108E+00
Live Time : 0 01:39:48.99 Sample Type: UU Energy Quad : 4.28379E-05

3 0 .............. : ................ - ........

..................................................

20 -------------- : .....

Counts

XTm
i A T

4000 4500

‘ I " .“ [N
5000 5500
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6000
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Channel Contents for ND_AMS ARCHIVE_S:S_78772$9369-002 UU

Channel
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QUANTERRA
St. Louis

Gross Sample Counts Within Peak Regions Generated:

Detector ID: 8 Acquisition Start:
Live Time: 0 01:39:48.99 Real Time:
Batch Id: 78772 Sample Id:
Sample Type: UU
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4169.66 694 0 42.74 232.74 200
2 0 4423.05 57 0132.79 329.63 302
3 0 4740.89 647 0 59.62 450.74 421
4 0 5279.12 214 0 64.23 654.73 627
Background Counts Within Peak Regions Generated:
Acquisition Start:
Live Time: 2 18:32:49.99 Real Time:
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4165.99 S 0142.48 231.50 200
2 0 4428.78 7 0 0.00 330.50 302
3 0 4747.50 5 0137.30 452.00 421
4 0 5290.70 17 0 2.59 658.00 627

3-0CT-1995 09:00:46.49

3-0CT-1995 06:49:30.08
0 01:39:48.99
9369-002

Pw Cts/Sec %Err Fit

64 1.16E-01
58 9.52E-03 1
63 1.08E-01
63 3.57E-02

AW Ww
[+ < BRYe N R0 o]

3-0CT-1995 09:01:03.06

29-SEP-1995 11:42:13.08
2 18:32:49.99

Pw Cts/Sec %Err Fit

.09E-05 44.
.92E-05 37.
.09E-05 44.
.10E-05 24.

64
58
63
63

NSO N
wJgoo

0060026



QUANTERRA
St. Louis

ALPHA SPECTROSCOPY REPORT
3-0CT-1995 09:04:01

IS EEXES S SRR RARRSRRERRRRRRR2d i s 2 X XXX 22 XA iR 02X s i st i st X xRS

Spectral File: ND_AMS ARCHIVE S:S_78772$9369-003 UU.CNF

Y T R R R R SR R 2222222222222 2222322222232 232 2222222222232 2T

RELEASE/BATCH #
SAMPLE DATE:
SAMPLE TITLE:
ACQ DATE:
ELAPSED LIVE TIME:
TRACER ID:

LAMBDA VALUE:
CORRECTED TRACER DPM:
SAMPLE MATRIX:

BKG FILENAME:

78772

3-0CT-1995 00:00:00.

3-0CT-1995 06:49:30.

5989.
U-232
1000.
22.518

SOIL
B_00S_29SEP95

*

*

* SAMPLE ID: 9369-003
* ALIQUOT: 1.043E+00 gram

* DETECTOR NUMBER: 009
* AVERAGE EFFICIENCY: 31.1%
* RECOVERY: 28.10%
* TRACER FWHM (kev): 92.82
* ROI TYPE: EXPANDED
* MDA MULTIPLIER: 4.65
* MDA CONSTANT: 2.71
*

I E R X R R RS ER SRR RS RRR SRRt iRl il s it il i s XA XRRRRX2 SRR R R RS S

NUCLIDE ENERGY NET
AREA
U-232 5302.5 1856.75
U-234 4761.5 1803.85
U-235 4385.5 169.00
U-238 4184.4 1672.95

NUCLIDE ACTIVITY SUMMARY

BKG %ABN
0.25 199.8
0.15 99.8
0.00 80.9
0.05 100.2

ACTIVITY

pCi/gram

9.724E+00
8.961E+01
1.036E+61

8.275E+01

TPU/ERROR
2-SIGMA

1.701E+00
1.857E+01
2.629E+00

1.719E+01

MDA CRIT LEVEL
pCi/gram pCi/gram
2.501E-01 1.924E-01
2.241E-01 1.794E-01
1.661E-01 1.661E-01
1.855E-01 1.598E-01

(222 EXE R XSRS RE R SXE RS 22X RERRSRRRZSX 2R 2R 2t X2 R AR ASZEESSZRER R R R R RE

**%* DOSITIVE *#**

0060027



Spectrum
Title
Sample Title:
Start Time:
Real Time
Live Time

60

Counts

8200000

3500

3-0CT-1995 06:49:
0 01:39:48.99
0 01:39:48.99

$1$DIA3: [ALPHA.ALUSR. ARCHIVE.S]S_78772$9369-003_UU.CNF; 1
009

Sample Time:
Sample ID
Sample Type:

3-0CT-1995 00:00:
9369-003
uu

Energy Offset:
Energy Slope
Energy Quad

3.31227E+03
2.90198E+00
-1.10080E-04

4500
Energy (keVv)

1
5000 5500 6000




Channel Contents for ND AMS ARCHIVE S:S8 78772$9369-003 UU

Channel
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QUANTERRA
St. Louis

Gross Sample Counts Within Peak Regions Generated:

Detector ID: 9 Acquisition Start:
Live Time: 0 01:39:48.99 Real Time:
Batch Id: 78772 Sample Id:
Sample Type: UU
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4125.26 1673 0100.45 283.19 251
2 0 4413.83 169 0192.00 385.22 345
3 0 4716.55 1804 0 97.56 493.13 456
4 0 5272.46 196 0 92.82 693.72 651
Background Counts Within Peak Regions Generated:
Acquisition Start:
Live Time: 2 18:32:49.99 Real Time:
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4157.44 2 0 65.27 281.50 251
2 0 4412.93 0 0 0.00 383.00 345
3 0 4729.65 6 0 0.00 497.00 456
4 0 5270.08 10 0221.36 693.00 651

3-0CT-1995 09:02:58.52

3-0CT-1995 06:49:30.09
0 01:39:48.99
9369-003

Pw Cts/Sec %Err Fit

82 2.7%E-01
77 2.82E-02
83 3.01E-01
85 3.27E-02

RESECEN
RS

3-0CT-1995 09:03:11.07

29-SEP-1995 11:42:13.089
2 18:32:49.99

Pw Cts/Sec %Err Fit
82 8.35E-06 70.
77 0.00E+00 0.

7
0
83 2.50E-05 40.8
85 4.17E-05 31.6

-0060032



QUANTERRA
St. Louis

ALPHA SPECTROSCOPY REPORT
3-0CT-1995 09:06:16

fZ 2 ESSZEZ SRR RS R 2RSSR R AR 2R 22 X222 X RS R R AR RS RSN R SRS RRXEE R R R

Spectral File: ND_AMS_ ARCHIVE_S:S_78772$9369-004_UU.CNF

LER AR EEXEEESEEEARE SRR RS RRR 2SR R R R RS XX SRR R R R RERR2X R SR RERER SR X R RSN

RELEASE/BATCH # 78772
SAMPLE DATE: 3-0OCT-1995 00:00:00.
SAMPLE TITLE:

ACQ DATE: 3-OCT-1995 06:49:30.
ELAPSED LIVE TIME: 59889.
TRACER 1D: U-232
LAMBDA VALUE: 1000.
CORRECTED TRACER DPM: 22.518
SAMPLE MATRIX: SOIL

BKG FILENAME: B_010_298EP95

*

SAMPLE ID:
ALIQUOT:
DETECTOR NUMBER:
AVERAGE EFFICIENCY:
RECOVERY:

ROI TYPE:
MDA MULTIPLIER:
MDA CONSTANT:

*

*
*
*
*
*
* TRACER FWHM (kev) :
*
*
*
*

1.008E+

9369-004

00 gram
010
30.8%
28.29%

94 .56
EXPANDED
4.65
2.71

22 RS Z RS RERERERRSSR XA RRRRRR SRRl Rt i R RARZARSRSRRREEEXRRR2RRR 22 2]

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN
AREA

U-232 5302.5 185.70 0.30 99.8
U-234 4761.5 994.65 0.35 099.8
U-235 4385.5 117.78 0.22 80.9

U-238 4184.4 1023.85 0.15 100.2

ACTIVITY TPU/ERROR

pCi/gram

1.006E+01
5.112E+01
7.467E+00

5.239E+01

2-SIGMA

1.760E+00

1.082E+01

2.042E+00

1.107E+01

MDA
pCi/gram

2.702E-01
2.807E-01
3.117E-01

2.308E-01

CRIT LEVEL
pCi/gram

2.047E-01
2.100E-01
2.417E-01

1.848E-01

IZ X EEERESZEEASEERZZERRRRXREZRRRR XA R RS R R XS X2 R R R X2 AR R RRRRSR R R s X R s R X R R R 2R R R

*%*x POSITIVE *#%*

0000033



Spectrum : $1$DIR3: [ALPHA.ALUSR.ARCHIVE.S]S_78772%$9369-004_UU.CNF; 1

Title ¢ 010

Sample Title:

Start Time: 3-0CT-1995 06:49: Sample Time: 3-0CT-1995 00:00: Energy Offaset: 3.42671E+03

Real Time : 0 01:39:48.99 Sample ID : 9369-004 Energy Slope : 2.64208E+00
Live Time : 0 01:39:48,99 Sample Type: UU Energy Quad : 2.39620E-05
1
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Channel Contents for ND_AMS ARCHIVE_S:S_78772$9369-004 UU

Channel
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Gross Sample Counts Within Peak Regions

Detector ID: 10

Live Time: 0 01:39:48.99 Real Time:

Batch Id: 78772 Sample Id:

Sample Type: UU

Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4152.83 1024 0 69.64 274.15 230
2 0 4406.84 118 0159.55 369.73 330
3 0 4723.92 995 0 70.98 488.82 447
4 0 5274.39 196 0 94.56 694.95 651
Background Counts Within Peak Regions Generated:

Live Time: 2 18:32:49.99

Pk It Energy Area Bkgnd
1 0 4146.94 6 0
2 0 4406.42 9 0
3 0 4727.55 14 o]
4 0 5273.77 12 0

QUANTERRA
St. Louis

Acquisition Start:

Acquisition Start:
Real Time:

Generated:

FWHM Channel

0.00
3.92
2.67

184.38

273.
370.
490.
694.

00
00
00
00

Left

230
330
447
651

3
0
9

Pw

87
81
87
87

2
2

Pw

87
81
87
87

3-0CT-1995 09:05:20.57

-OCT-1995 06:49:30.10
01:39:48.99
369-004
Cts/Sec %Err Fit
1.71E-01 3.1
1.97E-02 9.2
1.66E-01 3.2
3.27E-02 7.1

3-0CT-1995 09:05:32.79

9-SEP-1995 11:42:13.10
18:32:49.99

Cts/Sec %Err Fit

2.50E-05 40.
3.76E-05 33.
5.84E-05 26.
5.01E-05 28.

O 3 Ww

0060038



QUANTERRA

St.

Louis

ALLPHA SPECTROSCOPY REPORT
3-0CT-1995 08:55:15

I ZA SR RS ERRAS RSS2SR RR2R RSS2 22X X2 R R A2 2 XASEEEALLEE R ES RS

Spectral File: ND_AMS_ARCHIVE C:C_78772$LCS_UU.CNF

LE A AR SR EE SR ERERALERRSRRR R 22X RRRRRRRSR2Z2A2 X222 X2 XXR X2 R 22 8]

RELEASE/BATCH # 78772
SAMPLE DATE: 3-0CT-1995 00:00:00.
SAMPLE TITLE:

ACQ DATE: 3-0CT-1995 06:49:30.
ELAPSED LIVE TIME: 5989.
TRACER 1ID: U-232
LAMBDA VALUE: 1000.
CORRECTED TRACER DPM: 22.518
SAMPLE MATRIX:' SO1L
BKG FILENAME: B _001_29SEP95

*

* SAMPLE ID: LCS
* ALIQUOT: 1.000E+00 gram

* DETECTOR NUMBER: 001
* AVERAGE EFFICIENCY: 28.9%
* RECOVERY : 57.34%
* TRACER FWHM (kev): 74 .98
* ROI TYPE: STANDARD
* MDA MULTIPLIER: 4.65
* MDA CONSTANT: 2.71
*

*

I E XX RS R 2SR 2R 2222 RS2 RRRX2 2 i 222X 22 X222 222222 Rii R s8R X2 a it h sl

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN
AREA

U-232 5302.5 371.75 0.25 99.8
U-234 4761.5 250.78 0.22 99.8
U-235 4385.5 11.95 0.05 80.9

U-238 4184.4 290.95 0.05 100.2

ACTIVITY

pCi/gram

1

6

4

7

.014E+01

.842E+00

.022E-01

.905E+00

TPU/ERROR
2-SIGMA

1.473E+00
1.489E+00
2.439E-01

1.680E+00

MDA CRIT LEVEL
pCi/gram pCi/gram

1.374E-01 1.057E-01
1.341E-01 1.040E-01
1.262E-01 1.087E-01

1.019E-01 8.775E-02

I E R Z RSS2 2R 2R 22222 R XXX R 2R X 2R X 2222 X2 2 X2 222 Xt it EALERE RS SRR S

**%* DOSITIVE *#*+

00060039
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Spectrum : $1$DIA3: [ALPHA.ALUSR.ARCHIVE.C]C_78772$LCS_UU.CNF; 1

Title : 001

Sample Title:

Start Time: 3-0CT7-1995 06:49: Sample Time: 3-0CT-1995 00:00: Energy Offset: 3.63739E+03
Real Time : 0 01:39:48.99 Sample IO : LCS Energy Slope : 2.53920E+00
Live Time : 0 01:39:48.99 Sample Type: UU Energy Quad : 1.23052E-04

1 5 ’ . . AR | R S St

Counts

- |
5500 6000

Energy (keVv)




Channel Contents for ND_AMS ARCHIVE C:C_78772$LCS_UU

Channel
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QUANTERRA
St. Louis

Gross Sample Counts Within Peak Regions Generated:

Detector ID: 1 Acquisition Start:
Live Time: 0 01:39:48.99 Real Time:
Batch Id: 78772 Sample Id:
Sample Type: UU
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4150.57 291 0 71.01 215.60 175
2 0 4421.98 12 0119.34 304.50 277
3 0 4753.42 251 0 66.01 430.54 396
4 0 5291.31 372 0 74.98 632.00 600
Background Counts Within Peak Regions Generated:
Acquisition Start:
Live Time: 2 18:32:49.99 Real Time:
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4168.77 2 0 63.09 207.00 175
2 0 4425.14 2 0 2.52 305.50 277
3 0 4743.72 S 0 0.00 427.00 396
4 (0 5287.56 10 0 0.00 e6&31.00 600

3-0CT-1995 08:54:35.04

3-0OCT-1995 06:49:30.01
0 01:39:48.99
LCS

Pw Cts/Sec %Err Fit

€65 4.86E-02
58 2.00E-03 2
63 4.19E-02
63 6.21E-02

(S0 N )]
[ S IV IRVOIRY)

3-0CT-1995 08:54:48.79

29-SEP-1995 11:42:13.01
2 18:32:49.99

Pw Cts/Sec %Err Fit
65 B8.35E-06 70.7
58 8.35E-06 70.7

63 3.76E-05 33.3
63 4.17E-05 31.6

0000044



QUANTERRA
St. Louis

ALPHA SPECTROSCOPY REPORT
3-0CT-1995 08:53:41

R R R L Y Y R S R R A 2R AR R

Spectral File: ND_AMS ARCHIVE R:R_78772$BLK UU.CNF

LA R R T R R R R R R R iR 2]
*

RELEASE/BATCH # 78772 * SAMPLE ID: BLK
SAMPLE DATE: 3-0CT-1995 00:00:00. * ALIQUOT: 1.000E+00 gram
SAMPLE TITLE: * DETECTOR NUMBER: 003
ACQ DATE: 3-0CT-1995 06:49:30. * AVERAGE EFFICIENCY: 28.4%
ELAPSED LIVE TIME: 5989. * RECOVERY: 57.00%
TRACER ID: U-232 * TRACER FWHM (kev): 50.60
LAMBDA VALUE: 1000. * ROI TYPE: STANDARD
CORRECTED TRACER DPM: 22.518 * MDA MULTIPLIER: 4.65
SAMPLE MATRIX: SOIL * MDA CONSTANT: 2.71
BKG FILENAME: B_003_29SEP95 *

*
ok kkkkh ok khk ke kkkk ok h ko khhkh sk khkk A Ak ok ko k ko k ko khkhk ke kkk ko kkkkkkkkkhkk k&

_
NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG $ABN ACTIVITY TPU/ERROR MDA CRIT LEVEL

AREA pCi/gram 2-SIGMA pCi/gram pCi/gram

U-232 5302.5 362.78 0.22 99.8 1.014E+01 1.47%E+00 1.374E-01 1.066E-01

U-234 4761.5 -0.05 0.05 99.8 -1.398E-03 1.993E-03 1.048E-01 9.031E-02
U-235 4385.5 2.93 0.07 80.9 1.009E-01 1.209E-01 1.374E-01 1.154E-01
U-238 4184 .4 -0.02 0.02 100.2 -6.960E-04 1.397E-03 9.532E-02 8.568E-02

[ZEXTERXEEZREER R A RS ESEEE RS RS R R RS RS RS R RRRAERR SRR RSS2SR R 22 RRR RS R 2R SRR R RS R R D

0060045
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Spectrum : $1$DIA3: [ALPHA.ALUSR.ARCHIVE.R]R_78772$BLK_UU.CNF; 1
Title : 003

Sample Title:
Start Time: 3-0CT-1995 06:49: Sample Time: 3-0CT-1995 00:00: Energy Offset: 3.46759E+03

Real Time : 0 01:39:48.99 Sample ID : BLK Energy Slope : 2.54929E+00
Live Time : 0 01:39:48.99 Sample Type: UU Energy Quad : 5.37548E-05
15 % ................ E ................ E ................ E ......................................
¢ S S PSPPI | B o
cio ..................................................
3

0

O

5..‘ ......................................................................................
ol | : b 14 b ; ) 4

3500 4000 4500 5000 5500

6000
Energy (keV)



$BLK_UU

Channel Contents for ND_AMS ARCHIVE R:R 78772

Channel
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QUANTERRA
St. Louis

Gross Sample Counts Within Peak Regions Generated:

Detector ID: 3 Acquisition Start:
Live Time: 0 01:39:48.99 Real Time:
Batch Id: 78772 Sample Id:
Sample Type: UU
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4167.55 0 60 0.00 273.00 241
2 0 4418.19 3 0130.01 370.00 344
3 0 4743.96 0 0 0.00 495.50 464
4 0 65292.27 363 0 50.60 705.27 672
Background Counts Within Peak Regions Generated:
Acquisition Start:
Live Time: 2 18:32:49.99 Real Time:
Pk It Energy Area Bkgnd FWHM Channel Left
1 0 4167.83 1 0 2.53 273.00 241
2 0 4425.26 3 0111.51 373.00 344
3 0 4742.32 2 0 20.27 495.50 464
4 0 5284.92 9 0152.06 703.50 672

3-0CT-1995 08:52:42.00

3-0CT-1995 06:49:30.03
0 01:39:48.99

BLK

Pw Cts/Sec %Err Fit
65 0.00E+00 0.0

59 5.01E-04 57.7

64 0.00E+00 0.0

64 6.06E-02 5.2

3-0CT-1995 08:52:54.61

29-SEP-1995 11:42:13.03
2 18:32:49.99

Pw Cts/Sec %Err Fit

65 4.17E-06100.
59 1.25E-05 57.
64 8.35E-06 70.
64 3.76E-05 33.

WwIJ0
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CALIBRATION
DATA
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INITIAL ENERGY AND FWHM
CALIBRATION

ALSPCD2.DOC

- 00060052



asviee Of wA Tesulits (Secondary Calibration Check ) S-DBC-1994 19

Detector Pesrasmater Plag Pilenane
1 ALL Paseed SBCOMD_001_10novee
3 ALL Passed SCOND_002_10n0ve4
| ALL Passed SBOOND_003_10n0ved
4 ALL Passed SBCOND_004_1000v94
s ALL Passed SRCOND_ 008"~ 10novee
€ ALL Passed SBCOND ooc_zouam
? ALL Passed uccn_o 7_10n0ovee
] ALL Passed SECOND_008_10nove4
’ ALL Passed SECOND_009_10novee
10 ALL Passed SRCORD_010_10n0v94
11 ALL Paseed SBCOND_011_10nov94
12 ALL Passed SBCOMD_012"10nov94
1) ALL Passed SBCOND_013_10nov94
14 ALL Passed SBCOND_014_10novee
1s ALL Passed SBCOND_01S_10novee
16 ALL Passed SBCOMD_016_10nove4
17 ALL Paseed SBCOND_017_10nove4
by | ALL Passed SBCOND_018_10novee
19 ALL Passed SECOND_019_10noved ~—
a0 ALL . Dussed SBCOND_030_10n0ve4
a1 ALL Passed SECOMD_021_10n0ve4
¥ ALL Passed SBCONMD_023_10n0vee
a3 ALL Passed SBCOND_033_10n0ve4
24 ALL Passed SBCOND_034_10nove4
a8 ALL Passed SECOND_028_10noved
a6 ALL Paseed SBCOMD_03€_10n0v9é
27 ALL Passed SBCOMD_037_10n0ved
as ALL Passed SBCOND_038_10nov4
29 ALL Pansed SBCOMD_029_10nov9¢
30 ALL , . Passed SBCOMD_030_10nov9ede
i ALL "~ Passed SBCOMD_031_10novis
32 ALL Passed SBCOND_032_10nov94
APPROVAL DATE: 9o/ APPROVAL TINR: 1LY
APPROVED BY: PROCRDURS ¢ 4

A ]
Sapest completed at S-DEC-199¢ 18:39:43.83

0060053



Det

VR IONE W

Offeet

3628.
3s873.
3477.
3816.
3379.
isl.
J446.
3se¢a.
3314.
3379,
33le.
3362.
3416.
3ael.
3495.
3879.
3376¢.
3384.
Je60.
347¢.
3398.
3sil.
31587.
3386.
3ais.
2979.
3173.
3279.
3188.
3837.
3160.
3142.
J464.
3464
3464.
3464.
3464.
1464

‘3464.

464,
3464,
3464,
3464.
3464.
J464.
3464,
3464.

3464..

Sneryy
Slope

3.87
3.40
32.83
2.89
3.68
2.38
3.42
.59
2.49
.77
2.7
2.’1
2.44
3.01
3.4
2.60
2.48
2.5)
3.39
2.2
2.40
2.51
2.09
3.52
3.6
3.29
2"‘
3.38
3.7
2.93
2.72
2.03
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00

Quad

1.0318-04
1. 3”.'0‘
7.1938-08
7.3708-08
«3.7798-08
1.4048-04
§.3618-08
4.1400-08
-1.0218-04
-5.9948-08
-1.1968-08
-7.0948-08
0.3698-08
-$.0818-08
$.4038-08
4.3008-08
1.9468-04
2.0908-04
1.9028-04
2.0318-04
1.9$728-04
9.23178-08
-3$.7358-08
9.4128-08
1.1148-04
«3.4248-04
-0.0318-06¢
3.5118-08
-4.9028-06
8.0108-08
4.5758-08
4.35368-08

0.0008+00"

0.0008B+00
0.0008+00
0.0008+00
0.0008+00
0.0008+00
0.0008+00
0.0008+00
0.0008+00
0.0008+00
0.0008+00
0.0008+00
0.0008+00
0.0008+00
0.0008+00
0.0008+00

et o REAUR]
$-DBC-19%¢ 11:33:34

man
Const

10.94
10.93
10.32
10.09
10.69
.06
10.73
10.37
10.04¢
10.46
10.1)
10.80
10.82
10.07
10.17
10.38
11.12
10.90
11.47
11.38
10.78
10.40
10.84
10.28
10.78
9.97
9.58
10.56
10.98
9.42
10.34
9.58
15.00
1’.°°
18.00
18.00
18.00
15.00
18.00
18.00
15.00
15.00
18.00
15.00
18.00
18.00
18.00
18.00

Avg SB£¢

30.97
31.64
30.60
31.09
3¢.12
32.32
30.02
29.71
30.83
3a.61
29.6€7
31.236
a0.63
30.98
1.5
30.63
319.19
39.8%0
30.98
40.0)
T 41.34
37.%¢
34.22
40.230
319.33
41.64
39.04
42.24
3%.07

40.8¢ .

43.01
38.07
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00

Calibration D

...oooo.o..o..o......c.q..'..0.'0-.0..-'...oooooO.....-.o.o..c...o...-.ooo--

10-0KV-1994
10-W0V-1994
10-M0V-1994
10-M0V-1994
10-MOV-1994
10-M0V-1994
10-M0V-1994
10-MWOV-1994
10-M0OV-1994
10-MOV-1994
10-M0V-1994¢
10-WOV-1994
10-M0V-1994
10-M0V-1994
10-MOV-1994
10-M0V-1994
10-M0V-1994
10-MO0V-1994
10-WOV-1994
10-M0V-199%4
10-MQ0V-1994
10-MOV-1994

16:.
16::
1€
16:)
1¢:1
1€6:1
1¢:1
16:1
i¢:1
16:2
1¢6:1
16:1
16:1.
16:1.
16:1
16:2¢
16:13:
16:3)
16:31
16:13
16:33
16:33

10-MOV-1994 16:3)

10-M0V-1994
10-M0V-1994
10-M0V-1994
10-WOV-1994
10-M0V-1994
10-N0V-1994
10-MOV-1994
10-MOV-1994
10-M0V-1994

1¢6:3)
16:33
16:3)
16:33
1‘:33:
16:33:
16:33:
16:33:
16:33:

0650054



6500500

QA filenare
Perareter Narw
Start/End Dates
Lover/Upper Lete:

2.00000 through 4.00000

018D1A): (ALPHA. ﬁlm QA. SECONDIBATCH_SECOMD. QRS ; 1
ECSLOPE (Calibration Slope)

1-JAN-1994 00:01: 01 through l-.lm-'l”d 08:02: 16

4 : -
- ;

’."- -------- o:--o..‘ ........................................................ 5 .....
;. : :

- . > .
» : ;
“ P ........ :D----ony-u-.;..-n‘bll.'-l.-.l..-.-.‘t..'n--u.-l-v-o---l-h-.-os -----
s - - 3
5 . X . X X ”

: Z - X
N x X
3 - - ,
x
g : X X X
z.......x....:. ....... P, .x ....... x *x, ...................
. : . X .
x b 4 . X X x
b4 .
; x

- 2 A 4 i M A -‘—

[ 10 16 20 26 0
Run Number

LoV



9500900°

On filenare
Paraneter -Narns :
Start/end Dates :

lourll..p.r Lote: O.000000C+00 through 60. 0000

018D1AY: [ALPHA. ALUSR. QA. SECOND)BATCH )
FANCoNST (Calibration Fusm) -SECOND. QAF ; 1

1-JAN-1994 00:01:01 through 1-JAN-199¢ 86:02: 16

'V - . B - .
.-éw . .
! ok - TR e U ..
§ .
@ h
5
3
2.,. ......... ............ ............ ............ ............ ' ............ . .....
% x X X X
b x . X X X N
#x"x x  ox XX o XX X x ok X oxo o ox
(] * A 2 A i L A
3 10 16 20 26 3
RKRun Number

LOW
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CERTIFICATE

No. 6088-1
for an Unsealed Radioactive Source

Source Type: Checking Source
Product Cods

Quasuty
Sourcs No(s).

Nuclide(s)

Measurement Data
Nomiasl Acuvity
Referencs Date
Tracesbility®
Cootaminstion Test
Test Method®

Test passed 08

¢
{
e
]
r"
|

P
t

QCRB2500
vZ 16"
lo@

KA 50

Amerienm haan
Quall & Co RO
Qissstang |
D-39110 Brouascer
P 11 &
D-28001 Sravencrn

Tt (05307) 904
fa (05307 0.2
Pas-Zassreis 930-2

P Amersh:

The Megith Scienes C

Plowcaian-239, Americiun-241, Cartem-244

1 kg Po-299, 1 kiiq Am-241. 1 kBq Ca-244

22 Sepeamber 19%¢

Not applicable

Alphs surfacs aminsios rus: LOBB A £ 5 %

a2 senadins

0060057

f
A

|

e
¥
H
'i
i



11 Ocwber 1994 Man/ov
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CERTIFICATE
No. 6088-2
for an Unsealed Radiocsctive Source

Source Typs: Checking Source
Product Code

Drawiag

Quaadiry

Sourcs No(s).

Nuctide(s)
Nomisal Activity

Referencs Dets
Traceability*

Contamination Test
Test Method*®
Test passed 0n

Amsrvnm Do
Omalt & Co KO
Cimaiveg |
©-38110 Braumeer
Pontn 11 @
D-38900! Braunsce

Tel (05207) 930«
P (03307) 7%0.:
Fe-Zesae 930-2

P Amersh:

The Mesird Seremas C

QCRI2300
vZ-\e»
lo@
RAY

Plawcaian-299, Anericium-241. Curiam-244
ulqh-m.tuqum.anc-zu.

22 Sepromber 19%
Not applicable

Alphs seriaos emissios ras: LS7BBB 8 = 5 %
29wt




.o WWDER JIT™ YO
g | & I mgn, I VB

CERTIFICATE

No. 6088-3
for an Unsealed Radiocactive Source

Source Typs: Checking Source
Product Cods

Quasury

Source No(s).

Nuclide(s)

Measurement Data

Nominal Activity
Refereacs Date
Teaceability®

Cootamination Test
Tast Method®
Test passed 08

Additional Information

* o page 1 Sy et

ol

Amruan Dettin

QmaRRacCeko
Ciamteng |
D-30110 Brouascr
Ponthes i1 9
D-20001 Brsuamcm
Tel (05I07) 930«
Fx (03307) M0.2
Fa-Zoucrais 930-2
The Masirh Screnes G

QCRE2300

V&89

108

| 7Y -]

Pistosian-299, Americlen-241, Curiam-244 ~

anro-m.xuquw.anc-w_

2 Sepramber 1994

Not applicabls

Alphs surface emimsios n: 1.25PB 18 = 5 %
1519 onadinn.

0060059

Onmte Sumt AG Sregusbong
g” ua-__nu-ulu
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CERTIFICATE
No. 6088-4
for an Unsealed Radioactive Source

Source Typs: Checking Sourcs
Produec: Cods

Quaaunty
Source No(s).

Nectide(s)

Nominal Activity
Reforeacs Dasws

Contamination Test
Test Method*®
Test passed ca

Additional Information

* a0 page 3 for eplenstien
Ansntan

al

Awvan han
Gma#l & Co RO
Cumaieng |
D-38110 Brousser
Pombha 11 0
O-38001 Breumsetn

Tal (GS307) 930
Fax (Q5307) 9%0.2
fm-Zoureis 930-2

P Amersh:

The Moatsd Screnee G

QCRB2500
vVZ.i6™
lo@
RAD

Plurcaian-299, Anericium-241. Curtem-244
1 kBq Pu-239, 1 kg Am-241. | kBq Ca-244 _

2 Seprember 1994
Not spplicable

Alpha surface emissios rae: 1L.25BB A 2 5 %

ia 2 9 sarndina.
0060060
Oumase fam AC Sroauisesy
= Asy 1 Phmm— BRI WA L D
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CERTIFICATE
No. 60885
for an Unsealed Radioactive Source

Sourcs Type: Checking Source

Proguct Code

Quaatity
Sourcs No(s).

Nuclide(s)

Asten Sette 1 X "~ "~/

S w A

QCRE2900
V.U
lof

BA 54

Plasosion-239, Americism-241, Curtam-244

1 kg Pu-230, 1 kg AB-241, | kg Cu-264
22 Sepramber 1994
Not appiicable

Alpha sarbios emiseics e LRAB 8 2§ %
a2 Yanmdine
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CERTIFICATE
No. 6088-6
for an Unsealed Radioactive Source

Source Type: Checking Source

- Progett Cods

Quaatity
Source No(s).

Nuclide(s)

A e
Gmait 4 Co RO
Gimstoeg |
D-38110 Srouen
Pmnn 11 0
D-3880! Brauance

Tel (QS30T) 930
Fm (05307 930
Fm-Zamtreis 930-2

PAmersh:

The MHenisd Screnes C

QCRE3900
vZ169

RA 923
Piutceium-299, Americiun-24], Curium-244
1&g Pu-239, 1 kg AR-241, 1 kBq Cm-244

22 Sepramber 19%4
Not applicable

Alphs sariacs emissios rae: LB B 25 %
ia 2 Ysendisa

0060062

4|
T
i.&
il

L
& acouy i PRt



11 Caoter 199¢ Mea/wo Amwrvns be

P ) of I g, e O3 OmaaCo ko

Cimninng |
. O-Mi0reem

fomm 1109

CERTIFICATE 0-30001 Srvumc

No. 6088-7 TaL (25307 9%
Ffa (05307) 930

for an Unsealed Radioactive Source Fan-Zosrais 30
P Amersh
The Hasisb Scromee

Source Typs: Checking Sourcs

Proguc: Cods QCRE2900

Drawing vZ.un

Quaatity 1o )

Soures No(s). A %M

Nuctige(s) Prascaiam- 239, Americian-241, Cartum- 244 ~

Measurement Dats

Nominal Activiry 1k8q Pe-299, 1 kg AR-241, 1 kilq Ca-244

Refareacs D 22 Sepumber 1994

Traceability* Not appilicabls

Cootamination Test

Test Method* -

Test passed ca -~

Additiona! Informatios

Remark Alpha surfaes eminios ras: LQEB A S %

8 19 andin
* e gage 3 o ptmuiee
Amsnten By

ol

sy funms whes Sovthashew e ae——"
Auate & Fo OO asvens Guttw Gt & Antuy 1 Plemae
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Pugs | of 2 pugm. b O3

CERTIFICATE
No. 6088-8
for an Unsealed Radicactive Source

Source Type: Checking Source
Product Code

Quaadry
Soarce No(s).

Nuctide(s)

Amerien Dot
Quall &4 2 KO
Cimstong |
D-39110 Srouancee
fonthm 11 0
D-3001 Srvascye

TeL (05307) 9300
Ffm (Q3307) 920-5
Fm-Zantraie 730-2

The Monisd Scronas G

QCRE2500
vZ.16»
lof
EAR?

Pretcainm-239, Americium-241, Curium-244
1kBq Pe-299, 1 kilq Am-241, | kBq C-244.

22 Sepumber 19%¢
Not appiicable

Alpha sarfecs emissioa rase: 140803 14 2 § %
a2 Y oasndion.

0600064

,__.a.—-—.
&2 % W A kems vl

S aEpeas Wrbos =
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CERTIFICATE

No. 6088-9

for an Unsealed Radioactive Source

Source Typs: Checking Source

Proguc: Code

Source No(s).
Nuclide(s)

QCR2%00
vZ.iem»
1o8

RA 928

. Vietosiem-299, Americtan-241, Curium-244

1t Pe-299, 1 kBy An-241. 1 kg Cr- 244
DR e

Not appiicebls

Alphs sarhn emision rse: 130003 1h £ S %

0060065

Canmts Gams AC Grevummey

T MR B e M
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11 Omober 1994 Men/wo
Mg | d2mgn Iu V3

CERTIFICATE

No. 6088-10
for an Unsealed Radioactive Source

Sourcs Typs: Checking Source
Prodgac Code

Quasuty
Sousrce No(s).

Nuchide(s)

Nomisal! Activity
Refsreacs Dawe

Tracasbility*

Cootamination Test
Tent Method"
Tes: passed ca

Additional Information

* um page 3 hor ciginniien

Asrinn Dushier
Gmall 4 R0
Qisssteng |
D-38110 Brauasctre
fonten 11 9
D-30001 Braunscrre

Tel (03307 9300
fa (05307) 930-
Pa-Zantras 930-2

The Menish Servonss Gn

QCRB2300
VL1169
lof
AT

Patonian-239, Americlas-241, Curtam-244
1k8q Pe-29, 1 kBq AB-241, 1 kg Cmn-244

22 Sepramber 19%4
Not appliceble

Alphs surios emissios s LOED A 25 %
ia 2 9 ssarndien.

0660066



1] Omober 1994 Misn/wo
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CERTIFICATE
No. 6088-11
for an Unsealed Radioactive Source

Sowrcs Type: Checking Source

Proguect Cods

Source No(s)-

Nuclide(s)

Messurement Data

Nomiaal Acxivity
Raforesce Das

Traceability®

Coontaminatios Test
Test Method®

ASwrvan So
Quaft & Co KO

Oimstong |

D-28110 Brevas:.

fontm 1)

o

D-30001 Srouasc

Tel. (0530T) 720
fm (05307 M0
fu-Zeatres 90

PAmersh

The Hoslird Serenes

QCRA2300
vz

le8
1A 530

Plawaien-29, Anericiun-241, Curtum-244
110q Pe-239, 1 kfiq Am-241. 1 Kilq C-244-

2 Sspumber 1994
Not spplicable

Alpha surbace eppimion ras: LB I 2 5 %

00660067
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CERTIFICATE
No. 6088-12
for an Unsealed Radiocactive Source

Sourcs Type: Checking Source
‘Proguct Code
Drawiag

Quaatity
Sourcs No(s).
Nuctida(s)

Maseasurement Duata

Nominal Activity
Refereacs Dawe

Traceadility®
Costamination Test
Test Method*

Test passed on

Additional Information

* 2 pag 3 v egantin

- VZ.1eP»

lol
RA 31

Amrvan Den:
Ganlt 4 0 X0
Ml
D-20110 Sraouascin
Pt 1L @
D-30001 Braunacm

Ta. (QS307) 9300
Fm (03307) 0.2
Fe-Zaontrain 930-2

The Masird Saomas G.

Pisoaien-239, Americiam-241, Curium-244

1k8q Po-299, 1 kilq Am-241. 1 kBq Cn- 244

22 Sepumber 1994
Not applicable

Alpha surhes emissios ras: LUUEB LA £ 5 %

122 Ynendiea.

Gt
& amew 1 SRsmmn
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CERTIFICATE
No. 6088-13
for an Unsealed Radiosctive Source

Source Typs: Checking Source
Progect Code

Source No(s).

Nuclida(s)

Measurement Deta

Nominal Activity
Redsreace Daw
Traceability*

Cootamination Test
Tasz Method®
Test passed ca

Amardem hethin
Qaall & Cs B0
Cismtweg |
D-20110 Brovmcn
Pombn i1 ©
D-30001 Sravascr

Tl (05307) 9300
Pax (Q9307) 9%0-2
Pm-Zosarnin 9%0-2

Ths Magish Serenas G

QCRE2500
v
lolf

RA 2

Piswcaian-299, Americien-241, Curtam-244
15Bq Pu-299. 1 kg Am-241, 1 kiiq Co-244

22 Sepumber 199
Not appiicabis

Alphs sariaes eminios rac: LB A £ 5 N
22%mndee

Cuiihiien
& ampay i OUsmew
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CERTIFICATE
No. 6088-14
for an Unsealed Radioactive Source

Sourcs Type: Checking Sourcs

Proguct Code

Quaatity
Sourcs No(s)

Nuctide(s)

- Measurement Data
Nominal Activity
Raefarsacs Dare
Traceability*

Costaminstion Test
Tast Method*®
Test passed 0n

Cuall & Co X0
Gimanveg )
D-39110 Sroumsenn
Poxtat 11 09
D-20001 Srsumecre

Tel (Q5307) 9300
Pm (03307) 730-2
P-Zeawreis 930-2

P Amersha

The Masith Screnes G/

QCRA2300
vZ.un
lo@
A3

Plowcaien-239, Anericiun-241, Cartam-244
158q Pe-299, 1 kg Am-241, 1 kB C-244

2 Sepumber 1994
Not applicable

Alphe serbos emimics rats: 1. 9805 8 2 5 %
ia 2 S arndinn.

0660070

Sumems Gam AG rasnarey
H_ ua.‘_ﬂ‘”
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CERTIFICATE
No. 6088-15
for an Unsealed Radioactive Source

Souu‘lm:w‘s«m
Progact Code

Drawing
Quantity
Sosrce No(s).

Nectide(s)

Measurement Deta

Nomiaal Activity
Raferencs Dete

Tracasbility*
Coataminstion Test

Test Mathod*®
Test pessed ca

* un pag 2 tor cpiannion

ARrvas Sesiw
Qanlt & Co RO

Qlaptung |

0-38110 Dravasmts
Poxhe i1 #®

D-30001 Brausschon

Ta. (GS307) 9300

Pm (0530T) 9902
Po-Zasarnis 903

P Amersha

The Menish Se1000e Gn

QCRE2900
vZ.8»
1o

RA M

Plowonion-299, Americien-241, Curtan-204

1 kB Pe-230, 1 kg AR-241, | kg Cs-264

22 Sepesmber 1994
Not spplicable

Alpha surhos eminsios e LABB I8 2 5%

221 nemndine.

0660071

4
-
\d

[ p T3

O Sug AC Srnsmsinmg

WA Gans vV
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CERTIFICATE

No. 6088-16
for an Unsealed Radioactive Source

Sourcs Typs: Checking Sourcs
Product Code

Quaatity
Sourcs No(s)-

Nectide(s)

Nomisal Activity
Refareace Date

Traceadility*
Cootamination Test
Tent Mothot*

Tent passet 0n

Additional Informatioa

¢ see puge 1 far plaantien

Amurian Dot
Caait & Co KOG
Qisssreng |
D-38110 Brovamem
Paxtem 11 ¥
D-28001 Brounscm

TeL (05307) 9300
Fa (03307) 930-2
Fa-Zamraie 730-2

P Amersh:

The Manisb Se1ense G.

QCRE2%00
v u»
o€

RA S

Pletoaian-239, Americium-241, Curium-244
1 kg Pe-2%, 1 kBq Am-241, | kBg Cma-264

22 Sopromber 1994
Not applicable

Alpha surfice amissios raes: LMEB L = S %

4 2 Youndin
0660072
T | SRS
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EFFICIENCY CALIBRATION

0660073

ALSPCDS.DOC



Detector Parameter

LR B F ¥ ¥ ¥ 'Y

0
o

o pe
iy e

B 0o o g g ge
cCweuyaw

e e e E I XY YY)
L X _RVK X' ¥ W ¥ ¥

.UUU
» -0

APPROVAL DATE:

Plag 7ilename
ALL Passed PRINE_001_10WOVe4.
ALL Passed PRINE_002_10MOVe4 .
ALL Paseed PRIME_003_10WO0V94.
ALL Passed PRIME_004_10MOVI4 .
ALL Passed PRIMB_00S_10MOVS4.
ALL Passed PRIME_006_10NOV4 .
ALL Passed PRIME_007_10WOV94.
ALL Passed PRIME_008_10MOVI4.
ALL Passed PRIME_009_10MOVIs.
ALL Passed PRIME_010_10M0V94.
ALL Passed PRIME_O11_10MQVI4.
ALL Passed PRINE_012_10MOV94.
ALL Passed PRIMR_0131_10MOV94.
ALL Passed PRIMB_014_10MOV94.
ALL Passed PRIME_O1S_10NOVY4.
ALL Passed PRIME_016_10MOV4 .
ALL Passed PRIME_017_10M0Ves.
ALL Passed PRIME_018_10M0V94.
ALL Passed PRIME_019_10MOV4.
ALL Passed PRIME_020_10W0V94.
ALL Passed PRIME_021_10MOVe4.
ALL Paseed PRIME_022_10WOVI4.
ALL Passed PRIMR_033_10WOVI4.
ALL Passed PRINE_024_10NOVS4.
ALL Paseed PRIME_023_10WOVY4.
ALL Passed PRIME_026_10MOVI4.
ALL Passed PRIMB_037_10NOVI4.
ALL Passed PRIME_038_10NOVS4.
ALL Passed PRINE_029_10MOVS4.
ALL Pasesd PRIMEB_030_10MOV94.
ALL Passed PRIME_031_10NOVS4.
ALL Passed PRIME_032_10NOVI4.
-g =24 APPROVAL TIMB: __ (fw
PROCEDURS # ~4

APPROVED BY. .

PRFTI Y 1 L IS S

Bapest completed at $-DEC-199%4 11:38:08.10

0060074

b )

2299999999499924922922929292000000

(



-

Det

Offoet

3626 .
3873.
3479.
3518.
3383.
3834.
J4aqY.
3564.
3327,
3as.
3317,
3364.
34l9.
3345.
3497.
iss.
3a7e.
3a84.
3461.
3478.
3400.
3%13.
31¢60.
Jies.
3319.
3%03.
3177.
3303.
3161.
z.‘: L]
3163.
3146.
3464.
3464.
J464.
J464.
3464.
1464.
3464.
J464.
J484.
J484.
3.“ .
3464.
3“. .
J464.
J464.
Jess.

Enesygy
Slope

3.56
3.40
.81
.88
l"
.34
.41
.50
.88
.76
.73
.89
.4)
.80
.83
.59
.49
.83
-39

000 00 00 00 02 02 02 83 03 02 00 2 M 02 000D 080D

Quad

1.0098-0¢
1.2688-04
7.0848-08
7.0628-08
«3.0€38-08
1.4698-04
0.9798-08
4.7228-08
-9.599%-09%
-$.J66R-08
~3.1978-06
«7.1448-08
6.9118-08
-4.97%8-0%
€.1388-08
$.1118-08
1.9788-04
3.0818-04
3.0028-04
2.80748-04
.1.6208-04
9.7388-08
-$.1778-0%
9.8478-08%
1.1068-04
«3.3738-04
«1.3968-06
4.1378-0%
-7.1%48-07
9.7078-08
4.9828-0%
$.3648-08%
0.000R+00
0.0008+00
0.0008+00
0.0008+00
0.0008+00
0.000B+00
0.0008+00
0.0008+00
0.0008.00
0.0008.00
‘ . ”0.000
0.0008+00
0.0008+00
0.0008+00
0.0008+00
0.0008+00

Ly
Const

10.00
10.2%

’.,’

9.90
11.00

9.80
11.00

9.38

9.78
10.00
i1.00

9.50
12.78
10.7%
10.78
11.80
11.78
11.38
11.38
11.38
11.00
10.%0
12.38
10.00
10.28%
10.a28
10.80
10.38
12.7%
10.28%
11.38
10.7%
18.00
18.00
18.00
18.00
18.00
15.00
15.00
18.00
18.00
18.00
18.00
18.00

18.00

18.00
18.00
18.00

Avg SBEE

32.01
32.36
31."
33.33
31.93
33.46¢
312.19
31.7¢
3J2.12
31.48
32.0)
31.99
31.23
31.78
33.10
33.39
43.7¢
44.09
43.04
43.47
43.47
44.56¢
43.19
43.68
44.93
43.9%4
44.49
44.953
43.84
43.9¢
“.7
42.03
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00
30.00

Calibration Dat:

10-W0V-1994
10-WO0V-1994
10-M0V-1994
10-M0V-1994
10-MOV-1994
10-M0V-1994
10-MOV-1994
10-MOV-1994
10-MOV-1994
10-MV-1994
10-MOV-1994
10-NOV-1994
10-W0V-1994
10-M0V-1994
10-MOV-199¢
10-M0V-1994
10-MO0V-1994
10-MOV-1994
10-WOV-1994
10-MOV-1994
10-M0V-1994
10-MQV-1994
10-M0V-1994
10-M0V-1994
10-M0V-1994
10-MOV-1994
10-MOV-1994
10-WOV-1994
10-WO0V-1994
10-MOV-199%¢
10-MOV-1994¢
10-M0OV-1994

1d:
12:
13:
12:
:97:
1897
: 87
:87:
:87:
: 87
: 87
: 87
: 87
41
:87:
:87:
134
:36:

i3

&)
L ¥/
$7.
$7:

0660075

se ae ea ow *e 8% 4e 4 28 94 ea o4 a9 v
CO0OO0DOONAANRA -~~~ ==~



!

un filenare 010D1AY: lmm.awau.m.mntllﬂcn.nxn.w; |

: ©
Pararstor Nare : AVROEFF (Average Efficliency) -
Start/End Datee P 1-JAN-1994 00:01:01 through 1-3AN-1994 00:02: 16 g
Lower/Upper Lnte: 0.100000 through 0.600000 g
) '—)
o‘ : . "
’ :
. X R X X X )
------ @ o 6% 6 0 0 8 0 06 6 2 8 s 2 B v e e e s e s s n s a0 e e ..“.......-x..'............l.....
or . x X" X X X °
: . x . x
» . ’
§ x x
3 x X x "
:-. . ’ .............. - SR 2 SRR R B S LI SUC IR
x
3
-
$
<
.z I R R e AR I A N N L L L T A
| 'Y 4 1 . A A
3 10 16 20 26 30 Low



un ¢ ilenans 1 616DIAI: [ALPHA.ALUSR.QA. PRIME JBATCH_PRINE. QAF: 1
Paramstor Neme  : PSENERGY-PU2I9 (Peak Energy Pu2ls) ’
Start/End Dates : 1-JAN-1994 00:01:01 through 1-IAN-199¢ 00:02: 16
Lowsr/Upper Late: §133.00 through 6163.00

14 . . . :
(317 ) SR e AR P R PO L e T

. . . . :

. X

*

L]

. -

¢ LS

.
™ .
E ' : Do * o ; X -
““ ru..----...\ ........... :-.-.-.---x---.:....--......: ............ : ............ : .....
? . X . : b ¢ . . N x
g x : x : : x
.« <t _
! ? x X X . x . X X
. x x x
X x : x
: o : ; X ox ;
"..r-...-.....: ........... : ........... t............:...........-: ........... : .....
- 3 x - - . x .
- 1 A J ; A ;A
[ 3 10 16 20 26 3
KRun Number



QR ¢ilenane
Parasster MNans
Start/End Oates

Poak Fuiv PuldY

40

PSFANI-PU2IY (Peak FlWlliN Pu2)3Y)

)

$10D1A: [ALPHA. ALUSR. QA. PRIME JBATCH_PRIME. QAF ; 1

o0
1-JAN-1994 80:01: 01 through 1-IAN-1994 00:02: 16 S
Lowsr/Upper Linte: 0.800000E+00 through 60.8088 o
L R Ar‘ N A ‘é
. : : : : w!
SRR e r e R R R . ,,,,,
X
% X x x
x -
x . x N ¢ x X X X X X X x x
x X% x x X x X X x x
x .
P. T T T T T
' A 1 A A L i
) s 10 16 20 26 3 Low

Run Number



QA ¢{lenane i 0160IA3: [ALPHA. ALUSR. OA. PRIME JBATCH_PRINE. OAF ; 1 =
Pararster Nare : PSAREA-PU2IY (Peak Area Pu2dy) ™~
Start/tnd Dates P 1-JAN-1994 00:01:01 through 1-Jan-1994 00:02: 16 gg
Lower/Ugper Lnte: 10000.0 through 1.000000C.0¢ 2
- . . =
1000000 . : : : * - w
....“ S .:. s e : ....... : ................................................. : .....
coso00 b - - ............ ............ ............ ............ ............ .....

Poak Ares Puld

10 16 20 26 k|

Run Number



EFFICIENCY CALIBRATION
STANDARDS
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0650080



Y L

13009) 300-3087 ¢ JRX 8 (900) 791-8410
SHIPPER'S CERTIFICATION FOR RADIQACTIVE MATERIALS

"This package conforass to the conditions and limitatisns specified

in 49 CFR 173.421 for radiocactive saterial, excepted package -

linmited quantity of material, UN 2910 and 49 CFR 173.422 for

radicactive material, excepted package - instruments or articles,
UN 2919."

I hereby certify that this package also conforms to all packaging
requireaents of the U.S. Department of Transportation and the
International Air Transport Association (IATA) Rules and
Requlations regarding the shipment of radicactive saterials.

The materials are packed in strong, tight packages that will not
leak during norsal transport conditions, the radiation level on the
exterior surface of the package does not exceed 0.5 mrea/hr.,
nonfixed (removable) contamination does not exceed applicable
limits, and the cutside of the inner container bears the marking

"Radicactive".
No other labels are required.

SQURCE INFORMATION
Total Total-.
Model No. Izotope Activity Quantity Serial No.
39y,

Dis~10 0.196ucCs 1)

Customert po¢ 130932
. W

etk City, W 63083 $0¢ 02900

Authorized Signature

0660081
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1988) 300-307 o NKB 0 (808, 718410

CUSTONER: Quanterrs, Inc.

ADODARSS: 13715 Rider Trail Nerth
ORRSS!  garen City, m0 63088

r.0. wammEn: 130552
O /ESEALINE $.0. FONRER; 3 02900
OATE SEIPFED: 10/19/9%

Quality Control & Inspection

SERZIZICATE OF COMPLIARCE

The radicactive sources or servises camprisiag this esdar have besa subjected
te and have passed ill examisitions, iaspections, tasts and calibrations of
the DA/Iberline quality sssurance provsdures, and, 48 spplicadle, are ia
complisnce vwith epecificatiocas Lupesed by the sbeve referenced coatgact/

purchase osder sumber.

Calibration has besn acconplished ia ascergdante vith TMA/Eberline calibration
procedusres. Seurces fec eslibration and/es d00e rates have calidration
traceable te Baticual Imastitute of Standards and Teshaeloyy.

The undarsigned as the awthecised representative of T/Eerliss warrants the
infermation contained withia this documant to Be & true statemeat of fase.

Lty Assurence Ransger

0600082
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1908 ) 306-3491 .E_ 07008 7010416

CERTIFICATE OF CALIBRATION

Bectropiates Alphe Sundard
$.0.# $=0¢%00
0.9 13085¢
Oescription of Standard:
Model No. DS=10 Sortml No. 1918=94 . isotope  Plutonius=~239
Sectropiated onpolished __Jtainless Steel diee, 0.79 N thic
Towmi dinrmeter of 2.2 omand snactivwe diameter of 1.9 a

mmmnmmnmwmmwmmnum

Messurement Method:
The 2 pi alipha emission e was Measured using en iemal gas ow proportional chamber. Absoha

courting of siphe particies emiiied In the heminphere above he aciive surface was verfiad by Counting sbow
below and numwtnmumnmumnm NIST caibrate

sipha source $/N___2393/91
Measuremant Resul

The cbeerved aiphs particies amiited from the surfece of the disc per mirsge (cpm) on the calldration dsts
wes )

2,210 Y »
The total diairtegraiion rate (dpm) assuning 1.9% baciecetier of sipha pardcies rom the suslace of the disc.
s

177 ( 0.0019
8 o whith s e ase of random cowrting eror & the 90%
of systamalic erer I B Mmeamrenert.
. Audoand by, —_—
Calloration dese: mim | Aotomdeus_ 10-13- T4
- 00650083
i o ' 500 i




"/ Sarins ARSIES Labereiery

(989) 368-3807 0/808) 7918418

CERTIFICATE OF CALIBRATION
Slecwropisted Alphe Sandary
3.0.¢ $=02900
o : ?.0.0 130888
ModeiNo.___DNS~-10 Serigi No. 1919=94 isotope  Plutoniue=239
Sectrogisted onpolished__Stainless Steel dise, 0.79 ——
Tow dameerol 2.2 amand snscive diameter of 1.91 a

The radioactive material s permenengy fixed 10 the disc by heat Tesimernt wilhout any covering over theecth

Mesowrement Method:

The 2 pi sipha emission rate was meacured sing an el gas fow proportional chamber. Absokst
cowding of siphe particies emitiad In the herniaphare above 1he eaive suriace was varfied by counting abow
below end & the operative vaiags. The calltration is Sucesble 1o NIST by reference 10 an NIST calbrate
sphe scusce $/N_ 2393/91

Messurement Resul:

e’

The cbeerved aipha paricies emitad from he ausiace of he disc per minute (cpm) on the caibration dets
-ae .

3,%00 e 102
The wtal disintegration rate (dpm) assuming 1.9% baciecsiter of sipha paricies Fom the surface of the diec.
e

. 208 ( 0.00306 .0y

dﬂmh 3 % which b 9o s of random counting ervor & the 99%
ond e esimated upp== Bl of Sylemalic SOr B i MesErURent.

Cafiwated by tru-ninu-au Andewed by
Cuflsusion ohnicias: fapressrmaive:
Calbmtiondm  9/21/90 Aodonedéms /9.8 -%%
- 0650084 N
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Aegwva e

860) 308-3007 © FAX ¢ (809) 701-8418

CERTIFICATE OF CALIBRATION

Glestropisted Alphs Standard
$0.#  $-02900
P.0.9 130852

Deseription of Standerd:
ModelNo.___ DNS~10 SermiNo.____ 192094 lsotope_Plutoniue=239

Gecropiatedonpalished __Jtalnless Steel @, 0.79 ___mmox
Toml dameter of 2.23 cmand anactive diarmeter of 1.91 &

The radicactive matertel is permanently ficed 10 the diac by heat Teatmant wlhout arnvy covering over the acth

The 2 pl aiphe ernission rate was Mmessusred wing en amal gas Sow proportional chamber. Absohut
coursing of aiphe perticies emiiied In the hemisphere above the 8cihve sirfece was veriiiad Dy counting abovy
munuwwmumuuumqmummm

Messurement Result:

mwmmmmnmduunmmmumm
wae

3,38 P 126

The total diaintegration e (pm) assusming 1.9% baciacatier of aipha perticies from the suriace of the disc.

The Jos mmasemert b ' % whish b he A of A COWTING oo & the 9%
confidenss el and B estinsted WWpor AL of ystematic aver i Bis MeansuRert

cﬁ-u,: Arlens Gutierves " Apdeend bx
MWMW
Coltondme__ 9/21/9% - if-1

¢« ame s o8 e e 4 e ccom e ~-,:c————--. oo
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CERTIFICATE OF CALIBRATION

Siesroplated Alphe Sanderd

$.0.¢ $02900

».0.0 130584
Oescription of Standard:
Modal No. Dus-10 SertgiMNo. 1921-93 isctope  Plutonium~239
Secyopiated onpolished _ Stainless Steel e, 0.79 . N thic
T dlameter of .23 cmend aneciive diameter of 1.91 C
The dicactive material is permenenily fixad 10 e diae by heat Yeesmernt wilthows ary covering overths acth
Masswement Method:

The 2 pi siphs emission rale wes Mmesssred uaing an Memal gas fow proportional chamber. Absciut
courding of alipha particies ermitted in the hemiaphere above the acthve suriace was verfilad by counting sbov:
below and & he cperative vaage. The callbration s Suceable 1 NIST by relerence 10 an NIST calbrate

upha source $/N 2}_01/91
Messwement Resul

The cbeerved siphs particies emited from the auwriace of the disc per minkse (Cpm) on the callbration dat
was

3320 2 166
The tom’ disinegretion rets (dpm) assurning 1.9% baciucaier of siphs particies Wom the suriacs of the disc

332 ( 0.00299 O

Comtondae _ 9/20/9% Atmss___[0- 4N

Ceee- 0060086



(S AR \Mberetery
be  4J : a? L]
1900} 300-2007 SURE ¢ (808) 791-8410
CERTIFICATE OF CALIBRATION
Clestropisted Alphe Sndery
$0.# $-02900 .
POes P
Description of Standerd:
Model No. ons-10 Serigi No. 192294 isotope Plutonium=239
Becyopistadonpoliahed  Stainless Steel diae, 0.79 1on thici
Totel dlarmetar of 2.2 comand anaciive dlameter of 1.9 o

The adicective material is permanently fixed 10 the disc by hast Sesimernt wihout arvy covering over !s activ

Messwremant Method:

The 2 pl aiphe emnission ate was Mesared waing an 'emul gas fow proportional chamber. Absohut
couraing of sipha particies emitiad ih he hemisphere above the scthe surface was verfilad by courting sbove
below and &t the operative voings. The callration Is Feceable 1o NIST by reference 10 an NIST caldratec
sipha source $/N__2393/91

Messwrement Result

The cheerved sipha panicies emilied from the sarface of e disc per migs (cpm) on the calibration date
vas

zlln E 1"
The toial diskisagrution rate (dpse) assuming 1.9% backecatier of aiphe particies rom the surface of the disc.

. 2 218 ( 0.00193 O

Sommerenwts 5 % whith b S0 e of MNdom coUing enor & Te 9%
canfiiangs Lﬁ“.ﬁd#whﬁm

Coeun vy_driens Gutterves




TEA/ i Aupares Laberetry

LY T Y

egweaype

(988) 340-3407 *AAX 2 (008) P01-8410

CERTIFICATE OF CALIBRATION
Clectropinted Alphe Sanderd

$.0.¢ §=02900

P.0.¢
Dascription of Standard:
ModeiNe._____ DN3~10 SerimiNG. __ 192398 : leceope___Plutonium~239
Becsopimed onpolished___ Stainless $Steel e, 0.79 mmow
Tomsl dameter of 2.23 omand anacthvediameer of 1.91 o
mwmummun&wmmmmmnﬁmv
Massurement Metheod:

m:umwuummumphww Abschut

counting of aiphe particies emitiad in the hemiaghere above the acthve siriace was verfied by counting above

:u-:ﬂmwma-mhwumnmmummm-
source $/N___2393/91

Measurement Result

The obesrved sipha particies emitiad from the aurface of e dise per minute (com) an the calldration dat
wes

3,63 z 109
The o diairegration rate (Gpm) sasuming 1.9% becimcatier of aiphs particles from the surfecs of the disc.

28 o0 e

_J % whith & S a8 ¢f sendom cowding enor & the 6%
confitense Ivl, and S esinated Wpper BNR of ystamaic Gver It O MeanseRent

Cafwation dse:  9/27/90 Rovemeen__ /0 - (- %

e e = e e e e s s m e setn e (GGOO8B
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CERTIFICATE OF CALIBRATION
Clestrepiatad Alphe Sundard

$0.# $=02900

0.9 1305352
Description of Standard:
Mocdet No. DuS~-10 Sertal No. 1928=98 lsotope Plutonium=239
Secrupiatedonpolished  Stainless Steel dise, 0.79 -~ mmthic
Tom dlameter of 2.23 anand anactive dametar of 1.9 er
mmmnmmauunmwmmnua
auriace.
Messwrement Method:

The 2 pl sipla emission rate wis Messired Wing an el gas fow proportionsl chamber. Absohst
courding of epha partiches emitied It the heminphare above the aciive surfacs was varfiad by courting above
below and &t the cperative voRags. The callbration b yacesbie 1o NST by reference 10 an NIST calibrate
spha souree $/N__ 2393/94

Messwrement Result

The cheerved dipha panicies emitied fram the aurface of the disc per minute (Cpm) on the callbration dets
wes

2,800 2 "

The woa deintagretion rae (Gpm) assurning 1.9% bacincatier of siphs particies from the aurface of the disc.
~ .

Py m ( 0.00393 ﬂ

seansenert B ) % wiish b %o e of madom courling ervor & the SN
‘:h_uﬁnd“nh&m

Culeamd by Arlens Gutierres Auoned by
et wteitr: (L. L gt LT
Colestondme  9/28/90 Aoiowaddun__j9- 13-4

. 0650089



Tt/ Shardns Awueryey Lbowiry
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1368) 208-3497 .E 0 1900) 7N1-8416

CERTIFICATE OF CALIBRATION
Clestropinisd Alphe Sanderd .
. $.0./___ 5-02900
P.O.#s___ 130%%2

Description of Standard:
ModeNo.__ Dig-l0 Seral Mo, _ 1925=90 lecaope_Plutonium=239
Secwopistsdonpolisnsd___Stailess Steel dee, 0.79 _ mmtk
Toms damater of £.23 omend anscivediameter of 1.9 o

MMmubmtuumnmmmmmnnh ~

Messuwrement Method:
mzummunmmam-uwu&.m

counting of sipha particies emitied In the hemisphere above the aciive surtace was varfled by counting sbove
telow and & the cperntive vaiags. The calltration b Yecesbie 10 NIST by eference 10 an NIST calbrata

sipha source S/N___2393/9) .
Messurement Result:

The chearvad sipha particies emitted fram the suriace of he disc per minute (Cpm) on the callretion dets
vas

3)* 3‘ g!
The tcta) disireagration rate (dpm) assuming 1.9% daciacaiier of alphs particies rom the surface of the disc.

2 (0:0020 __»CH

§ o whith b S0 aen o ndo™m COUEnNg entr & he 9%




. T/ Surbw Abuguirgve Libervtery

Asqepamighe

(960} 306-2457 © MAR § (800) 78 1-8410

CERTIFICATE OF CALIBRATION
Tlestropiated Alphs Sundard

$.0.¢ $=02900

P.0.# 13055¢
Description of Standard:
ModeiNo.  DNS~10 SeraiNo. 192698 isotope Plutoniue=239
Secropiased onpolished__Stainless Steel disg, 0.79 ' fron thic
Toml dlameter of 2.23 cmand anacive diamater of 1.91 ¢
mmmumuumnmwwmmwuu
Messuwrement Method:

The 2 pi aiphe emission rate was mesewred Wing en nemel gas flow propontionsl chamber. Abschs
mammmnnmmnmwmwumm.
below and &t the vu?. caiiration s Yaceable 1o NIST by reference 10 an NIST calibrate
sipha source $/N 239379

Massurecnant Result

The cheerved aiphe paricies emilied from the artace of he disc per minuts (cpm) on the calbration det
wes

4,560 ) 'Y 137
The el disintegration ree (dpm) asmsming 1.9% baciecaier of eipha particies from the surface of the disc
g :

The dhml_&iﬂh.uduﬁamm-nm
corfidense vel, and Bo eslimuted Wppor d“whum

M'r_m-m_.'.- sotonns vr QoS las ™
S ﬂﬁé

Colbmtiondme____ 9/71/98 jo- 8-M

T . e sma L PR S Wt . es e o wen . R o A, .y o - e G o S = 0000091



T Shwde AMequrps Lobeen

1980) 300-3081 'E 2(800) 1910478

CERTIFICATE OF CALIBRATION
Cloctropiated Alphs Sandery

$.0.¢ $-0290¢

P.O.» 130882
Oescrigtion of Standerd:
Modsl No. DNg-10 SerlaiNo. 192798 lectope__Plutoniua~219
Becwopimed onpolished___Stainless Steel e, 9.79 mmthic
Tomt dlarneter of 2.2} cmand anscivediarneter of 1.91 on
The radioactive material is perrmanenty fed 10 thediac by heut Fresimant withaut any covering over e acth
Mesuwrement Method:

The 2 pi aiphe emission Mie wWas Messred taing an aemnal gas fow proportionsl chamber. Abscht:
couring of aiphs particies eritted In the hemiaphere sbove the acthe sustace was verffied by courting above
below and & he operative voiiags. The calltvation is Suceable 1 NIST by reference 10 an NIST calibratec

spimsources $/N___2393/9% .

Measwremernt Result
The cbeerved aiphe particies emiliad from the surface of the diac per minute (cpm) on the calbration dale
s

8,290 : 12

raie (P} assuming 1.9% Sastmcaiier of alpha particies from the surfece of !he disc,

s _288 (0.0000¢ %

Saansremert b % wiish b B aee of MAdom cowding eTer & e 3%
'- :hﬂm of synensiic aver B s Meansemet.
Comemmdby_igiome Gutiarres | - ModeemdVy
ot vt e i Uy~

Callsution dute: 9/21/9% Aovesssans___ (0 /2-7Y4

TS b e o e ——— e o . .-_-:'.-“~:'- n e et 0000092



____ii.*%::
1908) 245-3007 © 01908 P0s-0418

CERTIFICATE OF CALIBRATION
Clestropiated Alphs Standerd _

$.0.#  $-02900

P.0.¢
Description of Standard:
Mociel No. ONS~-10 SerliNo.  1920-9% . eosope  Plutonium=<39
Becvopimedonpolished  Stainless Steel Py 0.79 e thick
Towml diameses of 2.23 cmandanscivwdamenrat  1.91 em

The radicactive material is permenently fixed 10 the disc by hast TeaBmert wilihout any covering over the acthv
arface

Messurement Method:

The 2 pi sipha emission rate was Massured (aing en iInemal g hwmm
courting of alpha perticies amiiiad In !he hamisphers above the D asiace was verfiad by counting sbove.
below and & the operative volags. The calration s Yaceadie 1 NIST by reference 10 an NIST calibrated
sphasowrce $/N____2393/91

Measurement AResult

The ateerved aipha particies emitied fraom the swrface of the diss per miruts (cpm) on the calldration dete
wee

1,800 2 56 .
Thetom ﬂhl)“iﬁ“dmﬂu.mnmdmm
~ .
s 113 (  0.00170 8
The o S meansement b % whith & S0 o of MAdoMm couiing emor & the 89%

coniienss vil, and e estbnated pper Bk of systematic aver s B mesmsenant.

ot i1 outtarr L
“m

Coleatondme:  9/21/90 Roviowes g JL-L"’

- . v-00® a.@9 oeom
» SnoeE . oo~--o-* commm o . - g P g o .

6000093



T/ Serie Mg Lbowery

g : # L]
(800 ) 365-2a0¢ 9 (000 PE1-8410

CERTIFICATE OF CALIBRATION

fiectropiated Alphe Sandary :
0.0 $=02900
0.0

Deseription of Standard: .
Model No. DHS~10 SerigiNG. 192993 . leotope  Plutonius~239

Secrogised onpolished_ Stainless Steel e, 0.79 et
Toml dameter of 2.23 o and anactive diarmeter of 190  oen

&
The radiective material's parmanenty fcad 10 ¥ diec by Namt TeEITnt whhouE arty Covering over tRaacth —

The 2 pi siphs emission rate was Mmeseured uaing an beamal gas flow proportionsl chamber. Absolut
coursing of sipha particies emiited In the hamiaphere above the acthve surface wae verfiad by counting above
below and &t he operathve valegs. The catvation s Yacealie 1 NIST by reference to an NIST calibratec
dphasowsos $/N  2393/91 .

The cbeerved siphs paricies amitacd from the auriace of he disc per minige (cpm) on the cailbration date
was *

aol” 3 “
rube () sssuming 1.9% bactacaiier of sipha paricies from the surface of thedisc,

mh 3 % wiish b B9 e ¢ mndom couding e & the 9%




T/ Bl Abugwerow Loberstery
ﬁ_—_
(908) 305-2407 © _u.pcum
CERTIFICATE OF CALIBRATION
Blecwropisted Alpin Sandany
$.0.¢ $=02900
P.0.0 1309%¢
Description of Standard:
ModeiNo.___ DiS-10 SerwiNo.____1930-94 . leotope Plutonium~239
Secwopiated onpolished__Stainiess Stesl Y 0.79 . it
Tomi dlameter of 2.23) comand anactive damear of 1.91 ¢

The radioactive Matertal I8 permanenty fixed 1 e disc by hatt Weatmernt wihout any covering over the Act

Messurement Method:

The 2 pi aipiu emission rate was measured using an mamel gas 0w proportional chamber. Absolu
cowning of aiphe particies emitied In the hemiaphers above the acihve asface was verfiied by courting abov
below and &t the operative voags. The cafltration b raceatie 1 NIST by refersnce 10 an NIST calbrate
sphasowce 8/N__2393/91 .

Messuroment Aesult: B

The cbeerved aiphe pariicies emilied rom the suriace of the disc par mirete (Cpm) on the calldration dat
~ .

The wasl disintegration rase (Gpm) aseurming 1.9% beciacaiier of sipha particies ¥om the auriace of he disc
e oe

s 156 ( 0.0023% .8

e dOammnsunert b 3 % whish i e an ¢f Adom cowting enor &t the 9%
confidenst) dﬁ“ﬁﬂd“nhum

Caliwumd by Arlems Gutierres

MMW

Colutondme:  9/28/9% Aotosnsons___ /0-4-14




_THMA/artng Mguergws Laberetery

7 e Amagp oy N

ewweaNypie

(908) 300-2001 © MAZ 0 (208) N01-8416

CERTIFICATE OF CALIBRATION
Sleciropiated Alphs Sadard :

$0.#  S=02900

P.0.¢___ 130%3¢
Description of Standard:
ModeiNa____ DiS-10 SertaNo. 193194 leotope Plutonius-239
Becwopimedonpolished  Stainless Steel a, 0.79 rmemew
Towl dameser of 2-2: e anacthve dameter of 1.91 (3

The redicective matarial is permanently fosd 1o hedise by hast Testmert whhout any covering overn ey ™~
surface.

The 2 pi aiphe emission e was Mmesnred wing an iNems gas fiew proportionsl chamber. Absck
couswing of aiphs particies emitad It the hamisphere above the acihve susiace was verfiied by counting abov
balow ard & he operative voiuge. The calibraion i Yaceable 10 NIST by reference 10 en NIST calibrate
siphe sowree $/N___2393/91

Masswement Result:

The cbesrved aiphs paricies emitied from the surtace of he disc per minte (Cpm) on the calration dat
wes )

3.'50 i 3 118

muwmmman“dmmmnmanm
wes s .

ne . 228 (0.00257 .0y

The Sommerunet s ' % whith b s s of rendom counting enror & the 891
““&Wﬁd”nh&m

Calutiondase:  9/20/9% POV Y &3 L
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TRV Bty Muparas Libwsy
Y —
1804 ) 200-2401 — .l(-l 14410
CERTIFICATE OF CALIBRATION
Slecropinted Alphe Sandsred
$.0.8 $5=02900
P.O.# 1305%
Deescription of Standard:
Model No. DNS~10 Serisitio. ___19312-98 . lsotope Plutonium=2139
Becwogisted onpolished__Stainliess Steel e, 0.79 __ mmthic
Towi diasnatar of 2.23 camend anecthvediameter of 1.9 o

mmmummuunwummmmuuia

The 2 pi aiphe emission e was masssed Wing en Feamal gas fiow proportionsl chamber. Absohs.
couning of aipha partickes emitind In the hemisphere above he active sLrface was variiiad by courting sbove
betow and & the operative voiage. The callration is racestie 1 NIST by reference 10 an NIST calibrate
dphasource S/N____2393/91 .

Mesourement Resul: .
The cheerved sipha paricies emiitnd irom the aurface of he disc per mirste (Cpm) on the aalitretion date
s

e (dpm) asssming 1.9% baciucaiier of siphe paricies rom $he surface of the disc,

. 109 (0.00212

arenet s % whith b B ase of Andom cOUEng enor & the 0%
@or IRk of syematic ever B s Mmesnrement

Caltion g 9/28/9% Antomdenx _ /0-B-%N
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1908) 306-3087 © ALX 2 /208, J01-8416

CERTIFICATE OF CALIBRATION

Clectroplated Alphs Sandery

s.&o $=02900
, P.0.0__ 130852
Desaription of Standard:

ModeiNo.  DNS~10 SertaiNo.___ 1933-94 lectope_Plutonius=239
Becyopised onpolished_ Stainless Steel e, 0.79 . memtic

Toml diameser of 2.23 omand enache dameter of 1.9 o

The radicective material is permansndy ficed 1o thedise by hast Yesiment wlinowt anty covering overthe ecth

Messurement Method:

The 2 pl aipha emission rate was Meanred Wing o Nemal gas fow proportionsl chamber. Absolu
couniing of siphe particies emitiad In the heminphere above e octhe surface was verfiied by counting abowv
below and &t he operative voRags. The caliraion i racaatie 1 NIST by refarence 10 an NIST callbrate
spha source $/N__2393/91

Messwremant Result:

The obeerved sipha particies emited from e aurface of the disc per mirnke (Cpm) on the callbration dal
was

2'.10 4 “
The toas dsintagration rate (dpm) assuming 1.9% baciacetier of diphs particies from the ausace of the disc
~ .

—~

s 193 ( 0.00d7 O

The dhmh 8 o whigh b B as of ACOM COUNENg eTCr &t he 9%
confidense Hhal, and S estimated oo Tl of systumatic ever v i massrement

un Ariens Gutierres

_......M

Cafbsution dme:  9/20/94 10-1 -9

0650098
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DAILY PULSER CHECK

ALSPIC2 DOC

0650100



-

Review of QA results (Daily Pulser Check ) 3-0CT-1995 06:25:12.65

Detector Parameter Flag Filename

1 ALL Passed D_001_NONE
2 PSENERGY-5000 Action D_002_NONE
3 ALL Passed D_003_NONE
4 ALL Passed D_004_NONE
5 ALL Passed D_005_NONE
6 ALL Passed D_006_NONE
7 ALL Passed D_007_NONE

8 ALL Passed D_008_NONE

9 ALL Passed D_009_NONE
10 ALL Passed D_010_NONE
11 ALL Passed D_011_NONE
12 ALL Passed D_012_ NONE
13 ALL Passed D_013_NONE
14 ALL Passed D_014_NONE
15 ALL " Passed D_015_NONE
16 ALL Passed D_016_NONE
17 ALL Passed D_017_NONE
18 ALL Passed D_018_NONE
19 ALL Passed D_019_NONE
20 ALL Passed D_020_NONE
21 ALL Passed D_021_NONE
22 ALL Passed D_022_NONE
23 ALL Passed D_023_NONE
24 ALL Passed D_024_NONE
25 ALL Passed D_025_NONE
26 ALL Passed D_026_NONE
27 ALL Passed D_027_NONE
28 ALL Passed D_028_NONE
29 ALL Passed D_029_NONE
30 ALL Passed D_030_NONE
31 ALL Passed D_031_NONE
32 PSFWHM-5000 = Action D_032_NONE

APPROVAL DATE: _/0-3-TS __ APPROVAL TIME: __ /OSSO

APPROVED BY: M PROCEDURE # 130¢7

Report completed at 3-OCT-1995 06:30:20.91

0660121



£90

¢"10

QA filename

Parameter Name
Start/End Dates
Mean +- Std Dev

$138DIA3: [ALPHA.ALUSR.QA.D]IBATCH_D.QAF; 1
PSFWHM-5000 {(Peak FWHM 5000)

1-JAN-1994 00:01:01 through 24-JAN-1995 08:35: 41
21,5105 +- 13.5914 (63.18 %)

: : : : : . ACT
60 .......... et e e e e e Lt e e e e e e e ........... e [ T S S S e e e
X
¥ INV
x X
a0 b - SRR e SR e e PP
o ) ) )
] ; X : X
v ) :
z : . X I
L P —— T T e MEAN
uw : . X X
X X : :
X . X .
o CoX X X
* x :
: x
0 .................................. : ................................... P R
: : INV
i ] ] 1 AcT
15 20 25 30
Run Number



8?10000

y

filename T $13$DIA3: Ln..
irameter Name : PSENERGY-5000 (Peak ... _
tart/End Dates 1-JAN-1994 00:01:01 througn . {
lean +- Std Dev : 4978.80 +- 43,9110 {(0.88 %)

x
: ACT
s1g0 b+ - - - - - e BRI T T T T
- . ' —x i INV
o
[ =}
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o . . .
......... F T ¥
a3 o0 : oox X X : X X e X
t 2 _ rv] : %X - ¥ % X < MEAN
» x x . X
1 4 x X -
Y :
« X
4900...........,...........,.......................: -------------------------------
INV
ACT
4800}. ......... ..... .., ................................
1l i i i N 1\
5 10 15 20 25 30

Run Number




10500

| AN

QA filename
Parameter Name
Start/End Dates

$1$DIA3: (ALPHA.ALUSR.QA.D]1BATCH_D.QAF; 1
PSAREA-5000 (Peak AREA 5000)
1-JAN-1994 00:01:01 through 24-JAN-1995 08:35:41

Mean +- Std Dev 5174.73 +- 139,102 (2.69 %)
ACT
X
X
- ) , INY
X . . .
5400 T I A R I R L B I R N R ....................... : ............ ........
. . X
X . . .
S X o ; |
8 * . x . X X
X : X )
S 5200 r— ........ * ........... : ............ :- v v e e e s e a c ........... X ............. x .....
a ; X ; : MEAN
a o X x
L X : R X x %
0 X :
a X X :
X .
5000 .......... : ...................... x. ............. f ...............................
f x X f INV
' 4800 .......... ' e e e e e e e e e e e e e e e e e e s e e e s e e e e ................................
N ! ] ] 1 1 ACT
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Run Number



WEEKLY CALIBRATION
UPDATE |

ALSPIC3.DOC 0000195



Review of QA results (Energy Calibration Check ) 2-0CT-1995 12:20:00.

Detector Parameter Flag Filename

1 ALL Passed SECOND_001_20ct95
2 ECSLOPE Below SECOND 002~ _2oct9s5
2 PSENERGY-CM244 Below SECOND 002~ _2o0Cct 95

3 ALL Passed SECOND 003 2oct95

4 ALL Passed SECOND_004_20ct 95

5 ALL Passed SECOND_005_20ct95

6 ALL Passed SECOND 006 2oct95

7 ALL Passed SECOND 007 2oct95

8 ALL Passed SECOND ook ] 20ct95

9 ALL Passed SECOND 009 _20ct95
10 ALL Passed SECOND 010 20ct95
11 ALL Passed SECOND Oll 20ct 95
12 ALL Passed SECOND 012~ _20Cct95
13 ALL Passed . SECOND 013 2oct95
14 ALL Passed SECOND 014 2oct95
15 ALL Passed SECOND 015 _20ct9s
16 ALL Passed SECOND 016 20ct95
17 ALL Passed SECOND 017" _2o0ct95
18 ALL Passed SECOND 018 20ct95
19 ALL Passed SECOND 019 2oct95
20 ALL Passed SECOND 020 20ct95
21 ALL Passed SECOND 021 20ct95
22 ALL Passed SECOND 022 20ct95
23 ALL Passed SECOND 023 20ct95
24 ALL Passed SECOND 024 20ct95
25 ALL Passed SECOND 025 _2octss
26 ALL Passed SECOND 026 2oct95
27 ALL Passed SECOND 027 20ct95
28 ALL Passed SECOND_028 20ct95
29 ALL Passed SECOND_029_20ct95
30 ALL Pasgsed SECOND 030 _20ct95s
31 ALL Passed SECOND 031 20ct95
32 ALL Passed SECOND_032_20ct95

APPROVAL DATE: (02-2S APPROVAL TIME: Ypll-

APPROVED BY: _Qégﬁ _:_ PROCEDURE # MM

Report completed at 2-0OCT-1995 12:23:12.93

0060126



QA filename
Parameter Name
Start/End Dates

Lower/Upper Lmts:

4
3
o
Q
o
~
)]
c
o
-4 2
4>
o
=
o
-~
4
o
o
1

$1$DIA3: [ALPHA.ALUSR.QA. SECOND])BATCH_SECOND.QAF; 3
ECSLOPE (Calibration Slope)
1-JAN-1994 00:01:01 through 1-JAN-1994 00:02:16
0.000000E+00 through 4.00000

e e e s e e ' ............ E ............ : ............ : ............ : ............. 'x....
9 X : : X
X x ' x X X :
. X .
X
L
X
1 ] 1 ] 1 L
5 10 15 20 25 30
Run Number

upP

LOW

006017



)

QA filename : $130IA3: [ALPHA.ALUSR.QA.SECOND]IBATCH_SECOND.QAF: 3
Parameter Name i FWHMCONST (Calibration FWHM)

Start/End Dates : 1-JAN-1994 00:01:01 through 1-JAN-1994 00:02:16
Lower/Upper Lmts: 0.000000E+00 through 60,0000

60 . — . , : . uP
z 40 .......... :. [ Y j e s s e e e e e e a ,: ......... .x- -: ............ :- « » 2 » % e = x v & : .....
% :
u :
C X : X
< )
-rd x
,:; . X
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s X
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o
o : : ; : ; ;
20 .......... A LR : ............ L B AR : .....
X ' : ; X : X :
: X x X :
X X X x X X X x X x
X 7 X ¥ x X x X X : x
. X
0 1 L 1 1 1 1
5 10 15 20 25 30 Low

Run Number
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QA filename : $1$DIA3: [ALPHA.ALUSR.QA.SECOND]BATCH_SECOND.QAF; 3
Parameter Name : PSENERGY-U238 (Peak Energy U238)

Start/End Dates : 1-JAN-1994 00:01:01 through 1-JAN-1994 00:02:16
Lower/Upper Lmts: 4084.00 through 4284.00

upP
4250 . . . .00 e e e e e e e e . ........ -. .. ......... ‘ ............ - . .....
@®
Pt .
~ . . . . . .
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5 10 15 20 25 30 LOW
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06560109
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) ,
QA filename : 3130193:[RLPHR.QLUSR.QQ.SECOND]BHTCH_SECOND.QRF;3
Parameter Name : PSENERGY-PU239 (Peak Energy Pu239)

Start/End Dates : 1-JAN-1994 00:01:01 through 1-JAN-1994 (00:02:16
Lower/Upper Lmts: 5047.00 through 5247,00

ue
X ) : . ) . :
5200 .......... R L R B R L L T R R L R I
o
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~N
3 X
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5100 .......... .. ............ ~ ............ : ............ :............t .....
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QA filename
Parameter Name
Start/End Dates

Lower/Upper Lmts: 5375.00 through 5575.00

Peak Energy Am241

5550

5500

5450

5400

$18DIA3: [ALPHA.ALUSR. QA. SECOND]IBATCH_SECOND. QAF; 3
PSENERGY-AM241 (Peak Energy Am241)

1-JAN-1994 00:01:01 through 1-JAN-1994 00:02:16

DR
% X X * x X X X * x X x X * x X X x X X X X X x X * X X
X o S
] ' 1 1 1 L
5 10 156 20 25 30
Run Number

uprP

LOW

0650111
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QR filename : $1$DIA3: [ALPHA.ALUSR.QA.SECOND]IBATCH_SECOND.QAF; 3
Parameter Name : PSENERGY-CM244 (Peak Energy CM244)
Start/End Dates : 1-JAN-1994 00:01:01 through 1-JAN-1994 00:02:16
Lower /Upper Lmts: 5695, 00 through 5895.00
upP
< X
- .
) 5800_ ......... ............ ..... o ............ ............ ............ .....
> X X X X X X X x ¥ X X X %X X X X X X X X X X X w X X x X X x
o . ) j : : s
7]
C
Wl
X
L]
()
a
s700 b - - T...........:............E ............ E ............ EEERERINP R
_ - : - LOW
V3 1 J 1 1 1 1
5 10 15 20 25 30

Run Number
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Review of QA results (Efficiency Calibration Check )

Detector Parameter

Filename

1 ALL
2 PSAREA-PU239
2 AVRGEFF
2 PSFWHM-PU239
3 ALL
4 AVRGEFF
4 PSFWHM-PU239
5 PSFWHM-PU239
6 ALL
7 ALL
8 ALL
9 ALL
10 ALL
11 ALL
12 ALL
13 ALL
14 ALL
15 ALL
16 ALL
17 ALL
18 ALL
19 ALL
20 ALL
21 ALL
22 PSFWHM-PU239
23 ALL
24 ALL
25 ALL
26 ALL
27 ALL
28 ALL
29 ALL
30 ALL
31 ALL
32 ALL
APPROVAL DATE: /O -2-?%

Passed
Below
Action
Action
Passed
Action
Action
Investigate
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Investigate
Passged
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed

APPROVAL TIME:

APPROVED BY: M PROCEDURE #

Report completed at 2-0CT-1995 11:55:32.90

PRIME_001 2o0ct95
PRIME 002 _20ct95
PRIIE 002 20ct95
PRIME 002 20ct95
PRIME 003~ _2oct95
PRIME 004 20ct95
PRIME 004 20ct95
PRIME 005 20ct95
PRIME_OOG_ZoctQS
PRIME_007_2oct95
PRIME o008 20ct95
PRIME 009 20ct95
PRIME 010 20ct95
PRIME_Oll_ZoctQS
PRIME 012 20ct95
PRIME_013_2o0ct95
PRIME_014_2oct95
PRIME_015_2octS95
PRIME 016 20ct95
PRIME 017 20ct95
PRIME_018_20ct95
PRIME_019_2oct95
PRIME 020 2oct95
PRIME 021 20ctss
PRIME_022_20ct95
PRIME 023 2oct95
PRIME_024_2o0ct95
PRIME_025_2o0ct95
PRIME_026_2o0ct95
PRIME 027 20ct95
PRIME_028_20ct95
PRIME 029 20ct95
PRIME 030 20ct95
PRIME 031 2o0ct$s
PRIME_O32_20ct9S

(7¢O

e

2-0CT-1995 11:52:

© 0650113



QA filename
Parameter Name
Start/End ODates

$18DIA3: [ALPHA. ALUSR. QA. PRIME]BATCH_PRIME. QAF; 5
AYRGEFF (Average Efficiency)
1-JAN-1994 (00:01:01 through 1-JAN-1994 00:02: 16

Mean +- Std Dev 0.348127 +- 7.475668E-02 (21.47 %)
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QA filename
Parameter Name

$18DIA3: [ALPHA.ALUSR. QA.PRIME]BATCH_PRIME. QAF; 5

PSFWHM-PU239 (Peak FWHM Pu239)

Start/End Dates 1-JAN-1994 00:01:01 through 1-JAN-1994 00:02:16
Mean +- Std Dev 39.3506 +- 20.3196 (51.64 %)
100 ACT
x
X X
: INV
: X
X
¥ : : R R CXe L
Q . x X .
3 : :
F % N X X MEAN
w ¥ x x X X
4 X X X X X x X
; x > x
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QA filename
Parameter Name
Start/End Dates

Lower/Upper Lmts:

100000
80000 .................................................................................
[=,]
o
(; 60000 R N
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| 9
a
i
a 40000 . k :
) X X x X : I
X X X X
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o X X . : .
¢ . . . .
o . . :
o . . .
p— v 1 1 1 1 f -
Lo b 10 1% 20 25 30
N
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| (

$1$DIA3: [ALPHA. ALUSR. QA. PRIME])BATCH_PRIME.QAF; 5
PSAREA-PU239 (Peak Area Pu239)
1-JAN-1994 00:01:01 through 1-JAN-1994 00:02:16

10000.0 through 100000.

upP

LOW



MONTHLY BACKGROUND

ALSPIC4.DOC

0650117



Review of QA results ( Backgrounds UU ) 2-0CT-1995 08:34:50.

Detector Parameter Flag Filename

1 ALL Pagsed B_001_29sep95

2 ALL Passed B_002_29sep95s

3 ALL Passed B_003_29sep95

4 ALL Passed B 004_29sep95

5 ALL Passed B_005_29sep95

6 ALL Passed B_ —006_29sep95

7 ALL Passed B 007_29sep95s

8 ALL Passed B_008_29sep9s

9 ALL Passed B_009_29sep95
10 ALL Passed B_010_29sep95
11 ALL Passed B_011 29sep95
12 ALL Passed B _012_29sep95
13 ALL Passed B 013_29sep95
14 ALL Passed B 014_29sep9s
15 ALL Passed B_015_29sep95
16 ALL Passed B_016_29sep95
17 ALL Passed B_017_29sep95
18 ALL Passed B 018_29sep9sS
19 ALL Passed B 019_29sep95
20 ALL Passed B_020_29sep95
21 ALL Passed B_ _021_29sep95
22 ALL Passed B 022_29sgep95
23 ALL Passed B 023_29sep9sS
24 ALL Passed B _024_29sep95
25 ALL Passed B_025_29sep95
26 ALL Passed B_026_29s8ep95
27 ALL Passed B 027_29seps5
28 PSCTSS-U234 Above B 028_29sep95
29 ALL Passed B 029_29s8ep95
30 ALL Passed B 030_29sep95s
31 ALL Passed B 031_29sep95
32 ALL Passed B 032_29sep95

APPROVAL DATE: _ /0-2-?S APPROVAL TIME: __ (7230
APPROVED BY: PROCEDURE # Aﬂ4

Report completed at 2-0OCT-1995 08:37:55.47

YT A S =3 u%t// for es 73 an//,

650118



dA filename : $1$DIA3: [ALPHA.ALUSR.QA.BIBATCH_B_UU.QAF: 1
Parameter Name : PSCTSS-U232 (Peak Area U232)

Start/End Dates ¢ 1-JAN-1994 00:01:01 through 1-JAN-1994 00:02:16
Lower/Upper Lmts: -1.000000E-03 through 1.000000E-03
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QA filename : $1$DIA3: [ALPHA.ALUSR.QA.BIBATCH_B_UU.QAF; 1’

Parameter Name : PSCTSS-U234 (Peak Area U234)
Start/End Dates ¢ 1-JAN-1994 00:01:01 through 1-JAN-1994 00:02:16
Lower/Upper Lmts: -1.000000E-03 through 1.000000E-03
X
. 001
<
™
N
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o
o
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QA filename : $1$DIA3: [ALPHA.ALUSR.QA.B]BATCH_B_UU.QAF;1-
Parameter Name : PSCTSS-U2365 (Peak Area U236)

Start/End Dates : 1-JAN-1994 00:01:01 through 1-JAN-1994 00:02:16
Lower/Upper Lmts: -1,000000E-03 through 1.000000E-03

. 001 upP
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QA filename : $1$DIA3: [ALPHA.ALUSR.QA.BIBATCH_B_UU.QAF; 1
Parameter Name : PSCTSS-U238 (Peak Area U238)

Start/End Dates : 1-JAN~1994 00:01:01 through 1-JAN-1994 00:02:16
Lower {Upper Lmts: -1,000000E-03 through 1.000000E-03
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BATCH
SUMMARY
SHEETS

" 0660123



QPuanterra

ALSPBS2.00C

RUN LOG

0000124



VMS Quality Assurance Report V1.3 Generated

QA filename

Parameter Name

Description

Parameter Units
Num Points Used

Start Date

Minimum Value
Maximum Value

Out-of-range Test:

Lower Limit

Measurement Time
:49:
:49:
:49:
:49:
149
:49:
:49:
:49:

3-0CT-1995
3-0CT-1995
3-0CT-1995
3-0CT-19895
3-0CT-1995
3-0CT-1995
3-0CT-19595
3-0CT-1995

06
06
06
06
06
06
06
06

3-0CT-1995 09:07:45

$1$DIA3: [ALPHA.ALUSR.QA.Y]78772_Y UU SOIL.QAF;1

NCLSP1-U232

Yield U232

%

8

3-0CT-1995 06:49:30
28.1041

57.3432

BOUNDARY

20

Sample ID
30 LCS
30 BLK
30 9369-001
30 9369-001MS
30 9369-001MSD
30 9369-002
30 9369-003
30 9369-004

Parameter Type
Num Records Read

End Date

Minimum Date
Maximum Date

Test Source
Upper Limit

Value
57.3432
56.9984
42 .2519
33.4352
44 .0689
28.7704
28.1041
28.2870

CONFIGURATION

8

3-0CT-1995 06:49:30
3-0CT-1995 06:49:30
3-0CT-1995 06:49:30
PARAMETER-DEPENDENT
110

Flags

0060125



YIELD SUMMARY

ALSPBS3.DOC

0650126



Review of QA results

Detector

(Tracer Yields/FWHM )

Parameter

3-0CT-15995 09:07:50.47

Filename

- e . - m m . .- - .. T .S ®® e, .- m -~ . .- -—-——am o - -

CWVwODVLIo I W

-

APPROVAL DATE:

APPROVED BY: €;¥€$;)L12j)

Report completed at

ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL

ND_AMS_QA_Y:78772_Y UU_SOIL.QAF

10-3-75

Passed
Passed
Passed
Passed
Passed
Passed

APPROVAL TIME:

PROCEDURE #

R_78772$BLK_UU
C_78772$LCS_UU
S_78772$9369-001MSD_UU
S_78772$9369-001MS_UU
S_78772$9369-001_UT
S_78772$9369-002_UU
S_78772$9369-003_UU
S_78772$9369-004_UU

-1

1 doe?

3-0CT-1995 09:08:39.87

0660127



BATCH YIELD PLOT

ALSPBS4.DOC

0650128



QA filename
Parameter Name
Start/End Dates

Lower /Upper Lmts:

$1$DIA3: [ALPHA.ALUSR.QA.Y]78772_Y_UU_SOIL.QAF; 1
NCLSP1-U232 (Yield U232)
3-0CT-1995 06:49:30 through 3-0CT-1995 06:49:30

20.0000 through 110.000
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ALSPRD! DOC
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PREP DATA SHEET

~ ALSPRD3.DOC

0650131



Prep Date 09-27-95

LCS - 78222 . '

Isotopic Uranium Analysis

St.Louis Laboratory
13715 Rider Trail North
Earth City, MO 63045-1205

Baich No.: 74772
Project No. : 579.03

1 K L K
2IBLK -78772 | s A
3 j&’_'gl j'm __i Isotope : U232
M ool Ms | [ 02 ks | KS SdSol'nNo.: S99-324-18Q
5| -0o(p138 | /0100 4 Vol(mb): __ [.Q
ol T o002 0296 0 | A Ref Activity (pGimt) : 22,
7 - 003 LoY3l 1 ActRefDate: _04-01-92
8\ -oof | L0ORS | R y
9l .
1] NGO
1 S~
12 L . ‘ e | Isotope : _U234/U238 23 NA
13 ‘ — | £ T ‘StdSol'nNo.: _[§43-R NA
14 NS i | Vol (mL) : . NA
I5 ] Ref Activity (pGimD) : _T]_Lg_'i_ﬂg NA
16 ActRefDaie: _ 04§88 NA
17 - | |
18] T O
19 Comments: !
20| ‘ J‘
21 \
122
23
2 —
-
© Prepared By : _ 45 Reviewed and received by: g
8 Dae: _ [0-07-99 Date: [(0-034 S
o |
| o
)
™
: ISOU03.XLS Rev 3 (7/94)

Page 1 of 1



QC ACCEPTANCE SHEETS

ALSPRDS5.DOC

0650133



VMS Quality Assurance Report V1.3 Generated 3-0OCT-1995 08:55:45

QA filename : $1SDIA3: [ALPHA.ALUSR.QA.C]BATCH_C_UU_SOIL.QAF;1

Sample ID : LCS Sample quantity : 1.00 gram

Sample date : 3-0CT-1995 00:00:00 Acquisition date : 3-0CT-1995 06:49:30
Elapsed live time: 0 01:39:48.99 Elapsed real time: 0 01:39:48.99

QCut-of-range Test: N-SIGMA

Parameter Description Value Deviation Flag
[Mean+/-Stdev]

*Control Bias U238 0.46 0.75
(0.36+/-0.12]

*Control Bias U234 ' 0.26 -0.73

[0.35+/-0.12]

Flags: "*" means the, qut-ofcrange test is parameter-dependent

Approved by: Approval Date: /0 / 3/ ¢S
Les spR- nlec
23% | 5.U3 7 (;/C3 467
234 k& \L ’Zéﬂ%
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U.8. Tavironmental Pretection Agency
Environmental Monitoring Systems Laborstory-Las Vegas
Nuclear Radiation Agsessment Divigion

Calibration Cmﬁlau

Description

Pincestresnesse NATURAL URNYTIM | wes[0.5 x 10%eas ]

Nomansl vehume E snpouterverre memter] 12431

Measurement Acivity of prineipel radienuchde

Ay por grom o YA sohinn

107 J{ nano =] «| uraniue-238 ] *Accompanied by

= 00 rews #17en [ May 1989 49 picoCuries of

Uranium-23S per
gram of solution.

Asivity of deugimer radienuclide

The grspet sqivety wes sssempersed 3 e Queted Yo By

" e duge w3 Th=-234, Pa-234, and U=234 assuning secular equilibrium.

Teral mass of this sehstion
M—d
Maothed of messurement

The solution was prepared gravimstrically by dissolving a known
ty of the National Buresu of Standards’ SN 950b which wes

99.97 ¢ 0.02 percent Uranium %) in Nitric acid

and diluting to a known weight. to

consist of 99.28 percent U=-238 ano.nxp-u-;so-zss with

specific activities of 3.36 x 102 and 2.16 x 10° nancCuries per

gram respectively.

Ths retenyshds A9 Gscoved Brough D ol Sous sines & wes sinained by ML LAY

Wo remsmmend IRt Thes SoRaion Shouid net 50 weed oher 2y
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U.8. DEPARTMENT OF COMMERCE
NATIONAL SUREAU OF STANDARDS
GAITHERSBURG. MD 20890

REPORT OF TRACEABILITY

U.S. Environmental Protection Agency
Environmental Monitoring Systems Laboratory
Las Vegas, Nevada

Radionuclide

Source identification
Source description
Source nass

Source composition

Reference time

Radiocactivity concentration
Overall uncertainty

Photon-emitting impurities
(Activities at refarence time)

Measuring instrument
Balf life

Difference from NBS

Gsithersburg, MD 20899
19 September 1989

Uranjum-238

1843-1, prepared by EMSL

Liquid in 5-ml flame-sesled glass ampoule
Approximately 5.0 grams

Natural uranium in 0.6-molar nitric acid

0700 EST, 15 May 1989

NBS DATA EMSL DATA
40.05 Bq g°! 39.6 Bq g}

1.47 pcrcnnt(l)' 5.0 p.rccnt(Z)

None detacted(3) None detected(%)

Quantitative dissolutio:
of NBS SRM 950b natural
uranium oxide

4wg liquid-scintillation
counter calibrated using
NBS SEM 4321 natural
uranium solution

1238y
234q,
234p,
234y . (2.454

o e o0
~n
»
-
o

Center for Radiation Rasearch

*Notes on next pags
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NOTES

(1) Individual uncertainties have the significance of one standard deviation
of the mean, or an approximation thereof. The combined uncertainty is
the individual uncertainties shown below added in quadrature. The
overall uncertainty is taken to be three times the combined uncertainty.

Sourcs of uncertainty Uncertainty (2%
a) liquid-scintillation meassurements 0.12
b) gravimetric measuremeants 0.0S
c) deadtime 0.0S
d) background 2.10
e) original calidration of SRM 4321 0.13
f) count-rata-vs-energy

extrapolation to zero energy 0.11
g) half life 0.00
h) photon-emitting impurities 0.43

Combined uncertainty 2.&9

Overall uncectainty 1.6;

(2) Overall uncertainty reported by EMSL.

(3) The 1tmt of detection for photon-emitting impurities is
0.01 ys"g"* for energies between 90 and 1900 keV , provided that the
impurity photons are separated in energy by S keV or more from photons
emitted i{n tha decay of uranium-233 and uranium-238 and progeny.

(4) The 1imit of detection for 226Ra is less than 0.24 Bq g-i.

(5) proposed Recommended List of Heavy Klement Radionuclide Decay Data,
DMC(MDS ) -149/NE, Intarnational Atomic Energy Agency, December 1983.

(6) This result demonstratss the traceability of EMSL to NBS, for this
measuremant, to vithin five percent as specified in the appendix,
Traceability Studies, of the EPA-MBS intsragency agreament of
April 1976, as amended.

Por further information call Larry Lucas at (301) 975-5546 or FTS 879-55:6.
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N

A =N A = -1n§o.sz
Wt of U-238 _ (N ! g W) _ (A (AW) !Al ghﬂ) {TH")
~ g soln (A) (Ao) ) (Ao)

40.05) (238 4.468 E09 yr) (3.154E07 sec/vr) o 13.22 E-03 g)
(sectg) (mol) {(~In(0.5) (6.023823/mol) g soln

_3.22mgU-238, __ 1 _ 3.2 mg U gat
g soln P11 g soln

A = Activity (sec”})

A = Decay constant (sec™l)
T™ = Halflife (sec)
N = Number of atoms
AN = Atomic weight

Ao = Avogadro’s number (mols )

0696139
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CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radiomuclide U-232 Customer: [T CORPORATION
Half Life: 68.9 £ 1.0 yeans P.O.No.: 047870
Catalog No.: 7232-2 Reference Date: September 1 1991 12:00 PST.
Source No.: 388-37 Containod Radioactivity: 1.039 i
Description of Solution
a. Mass of solution: 5.2693 provey
b. Chemical form: uo2C2 ia 2N HQ
¢ Camer cootent: Noae added
d. Solution deasity: 1.0330 gw/ml @ 20°C.
Radicimpurities
Ses attached technical data sheet
Radicactive Daughters
Ses attached technmical data shest
Radionuciide Concentration o
0.1974 wUgram.

Method of Calibration

Weighed aliquots of the solution wers sssayed using alpha spoctromstry with a surface barrier
datector.

Usncertainty of Measwrement

a. Systomatic uncertainty in instrussent calibration: +1.3%

b. Random uncertsinty io assay: +1.0%

¢. Random uncertainty in weighing(s): +0.0%

d. Total uncertaingy o the 99% coafidence level: +2.3%
NIST Traceability

This calibration is implicitly tracesbls 10 the National Instite of Stamderds and Techsology.
Notss
1. Nuclesr dats were taksn from “Table of Isotopes’, Seventh Edition, edited by Virginia S. Shirley.
2. IPL participstes in su NIST msasuremsst sssursnce program © establish sad maintain implicit
tracesbility for a member of muclides, based oa the blind sssay(ead later NIST certification) of
Standaed Refersace Matevials. (As in NRC Regulstory Guide 4.19)

0650145

(818) 843 - 7080 -
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0000001 Rev. 2

- .
Quanterra St. Louis
Isotopic Thorium Analysis Project: 537.01
Batch: 38993
SAMPLE PREP [ALIQUOT COUNT BKGD DET ROI #1 ROI #2 ROI #3 RO! #4
NUMBER DATE (@) DATE [TIME (MIN)}TIME (MIN)|  NO. EFF. Th-232 | BKGD | Th-230 | BKGD | Th-2290 | BKGD | Th-228 | BKGD
LCS 38993 6/7/94] 2.0000] 6/m/84 200 4000 1 0.310 1018 71 1002 176 777 63 1138 94
BLK 38993 6/7/94]  2.0000] 6/8/4 200 4000 2 0.317 3 41 106 86 691 43 31 105
5179-001 6/7/94]  2.0891 6/8/94 200 4000 3 0.307 58 141 212 208 658 121 86 108
5179-001DUP 6/7/94] 20208] 6/8/94 100 4000 8 0.310 36 62 59 114 389 R 51 102
5179-005 6/7/94 0.0104 6/8/94 200 4000 5 0.311 288 138 228 234 1425 59 334 122
5179-011 6/7/94]  0.0101 6/8/94 200 4000 6 0.311 327 153 134 222 967 107 417 127
5179-012 6/7/P4] 0.0101 6/8/94 200 4000 7 0.308 227 89 105 153 903 59 260 91
TRACER pCi added: 9.01 DATE: 6/27/54
LCS Th-232 pCi/matrix: 5.15
LCS Th-230 pCi/matrix: 420
DATE: 27




ITAS St. Louis Lab
Ravision Number 1
Stert Date: 04/15/94

INTERRATT .
TECINOLOOT ITAS St. LOUIS PROJ: $37.01
CORPORATION Isotopic Uranium Analysis
BATCH: 32993
SAMPLE PREP QUOT COUNT BKGD | OET.] EFF | RO ROW2 ROW3 ROW4
NUMBER DATE Ol DATE |TIME [TIME | NO. u-238 BKGD U-235, BKGD U-234 8KGD u-232 BKGD
y-236
[Lcs 38083 08-07-94 2,0000 [06-06-04 100 4000] 1] 0310 205 87 9 86 220 [ 349 84
BLK 38993 08-07-04 2.0000 |06-09-94 100| 4000 2] 0317 1 53 1 30 : 75 305 57
5179-001 08-07-54 2.0691 |06-06-94 100] 4000 | 3| 0307 1 149 3 112 ) 147 22 119
S179-0010UF__ |08-07-94 2,0208 |06-00-54 100 4000 4] 0308 3 ] 1 a8 8 70 1 111
179-005 08-07-04 0.0104 |08-05-54 100| 4000 5] 0311 21 153 7 112 26 105 326 91
179-011 06-07-04 0.0101 |06-09-84 100] 4000 - 6] 0311 20 129 1 130 23 117 32 101
179-013 08-07-04 0.0101 [06-08-94 100 | _ 4000 7] 0.308 18 80 1 a2 21 54 329 €9
TRACER pCl added: 10.28 CALCULATED LEG DATE: 08/00/94
LCS U-238 pCl/matrix : 21
REVIEWED Z oare_b-9- 7

0000002



PR

@uanterra

Environmental
denwes

Quanterna ncorporated
13715 Ruder Trail North
Earth Cirv, Missoun 63043

314 2988566 Telephone
314 298-8757 Fax

Kerr - McGee Corporation
3301 N.W. 150th Street
Oklahoma City, OK 73134
September 25, 1995

A ION: Garet E. Van De S

On May 24, 1994, twelve (12) soil samples were received at Quanterra, St. Louis
laboratory (formerly ITAS -~ St. louis) from STS Consultants. The original data
was reported on June 10, 1994. The following is a list of the samples and the
Quanterra (ITAS) identification numbers:

CLIENT ID UANTERRA (ITAS) ID
CD-S156E49N-2-3 517%-001
CD-S156E49N-2-3 . 5179-001DUP
CD-S156E495N-3-4 5179-002
CD-S-82E25N2-3 5179-003
CD-SB2E25N-3-4 5179-004
CD-S78E18N-2-3 5179-00S
CD-S89E16N-2-3 5179-006
CD-SB89E16N-3-4 : 5179-007
CD-S7BE18N-3-4-9 o 5179-008
CD-S78E18N-3-4 5179-009
CD-SB1lESN-2-3-9 5179-010
CD-SB1ESN-3-4 5179-011
CD-SB1ESN-2-3 5179-012

On September 18, 1995, a request was made by Kerr - McGee and STS Consultants for
Quanterra to re - evaluagsatha data generated for Gamma Spectroscopy analysis
regarding the detected Ra results. The results of this data review of Gamma
Spectroscopy analysis by method HASL 300 4.5.2.3 follows in the enclosed Revised
Case Narrative and corrected data sheets, which reflect the outcome of this data
review. Attached are copies of all correspondence and Conversation Records.

If you have any questions or comments, please call me at (314) 298-8566.

Reviewed and approved:

e

Diane W. Mueller
Project Manager
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Eartlr Cine Nlissowrt 63043

314 298-83500 Telephon:
314 2988757 Fua
REVISED CASE NARRATIVE

September 25, 1995

Page 1 of 3

PURCHASE ORDER NUMBER: 27313-2H
PROJECT NUMBER: 8§37.01

DATE RECEIVED BY LAB: May 24, 1954
NUMBER OF SAMPLES: Twelve (12)
SAMPLE TYPE (S) : Soil

I. Introduction

On May 24, 1994, twelve (12) soil samples were received at Quanterra, St. Louis
laboratory (formerly ITAS) from STS Consultants. The following is a list of the
samples and the Quanterra (ITAS) identification:

CLIENT ID QUANTERRA (ITAS) ID
CD-S156E49N-2-3 5179-001
CD-S156E49N-2-3 §179-001DUP
CD-S156E49N-3-4 $179-002
CD-S-82E25N2-3 5179-003
CD-SB2E25N-3-4 5179-004
CD-S78E18N-2-3 5179-005
CD-S89E16N-2-3 5179-006
CD-S89E16N-3-4 5179-007
CD-S78E1BN-3-4-9 5179-008
CD-S78El18N-3-4 5179-0089
CD-S81ESN-2-3-9 5179-010
CD-S81ESN-3-4 5179-011
CD-S81ESN-2-3 5175-012

A complete data package was sent on June 10, 1994. At the clients request on
Septemberzla, 1995, the gamma spec analyses was re - evaluated regarding the
detect Ra results. The revised data sheets are attached and comments follow.

II. Analytical Results and Methodology
The analytical results for this report are presented by analytical tests. Each

set of data will include sample identification information, the analytical
results, and the appropriate detection limits.

—_—’



Quanterra

Environmental
Services

STS Consultants
September 25, 1995
Page 2 of 3

The analyses requested include: Gamma spectroscopy by method HASL 3004.5.2.3,
Isotopic Thorium and Isotopic Uranium by method U-NAS-NS-3-5-, TCLP Semivolatiles
by EPA method 8270, TCLP ICAP Metals, cyanide by EPA method %010, Flashpoint by
EPA method 1010, Paint Filter Test by EPA method 9095, pH by EPR method 9045,
Percent Moisture by ITAS SOP PM, Sulfide by EPA method 9030, TOX by EPA method
9020, Total Organic Carbon by EPA method 9060, and TCLP Volatiles.

III. Quality Control

The QA/QC information can be found immediately following the analytical data.
This QA/QC data are used to assess the laboratory's accuracy and precision during
the analytical procedure.

IV. Comments/Nonconformances

GAMMA SPECTROSCOPY

At the request of the client, a review of the gfgga spectroscopy report for 223Ra
was performed. For the sampl§33which had Ra, the sample spectrums were
checked for the presence of the Ra reported, all but one sample had the report
based on gamma peaks at 270.12 keV and 154.02 keV. Sample 5179-004 only
identified the 270.12 keV line.

Since the client did not suffgct 223Ra was present, thgzsample spectrums were
checked for the presence of Rn (the first daughter of Ra) which has energy

lines at 401.81 keV and 271.23 keV. The presence of the daughter219 Bi wasziiso

checked at energy line of 351.07. None of the samples had Rn or Bi
present.

227 227 :
The sample spectrumg_were checked for the presence of Th and Ac which are

the gg;cursors for Ra. The energy lines checked were 236.0 keV and 329.7 keV

for Th and 256.2 keV for 227Ac. Neither Th nor Ac were present.

A _search of the gamma library and the spectra indicate that 228Ac (daughter of
228Ra) has _an energy line at 270.23 keV and 154.2 keV. Since the samples
contained 228Ra, the 270 keV and 154 keV peak appears to be due to 8Ra, not
223Ra.

Therefore, since no Ra__daughter or precursor was identified, and 228pa may
have interfered with the 223Ra energy lines, it is concluded that Ra is not

present and has been deleted from report.

223
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Quanterra
Environmental
STS Consultants Services
September 25, 13995

Page 3 of 3

ISOTOPIC URANIUM
Sample CD-S156E49N-2-3 (5179-001) was selected for batch QC. Both the sample and

the duplicate had chemical yields less than 20% for Uranium indicating a
possible matrix effect. Both sets of data are reported.

Reviewed and approved:

Diane (1) Fuallp

Diane W. Mueller
Project Manager
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IT ARALYTICAL -- ST. LOUIS
GAMMA SPECTROSCOPY
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PROJECT NUMBER :

DETECTOR
NO.

DETECT1

TH-228
NON-
DETECT
6.49E+00

TH-230
NON-
DETECT
8.39E+01

DETECT4

TH-228
NON-
DETECT
5.70E+00

BATCH DATE:
PROJ . SAMPLE MATRIX
NO.
537.01 5179-001 SOLID
ISOTOPE: K-40
ACTIVITY{(pCi/G): 1.39E+01
2 SIGMA ERROR: 1.45B+00
MIN DET ACT: 6.97B+00
537.01 5179-001DUP  SOLID
1SOTOPE : K-40
ACTIVITY(pCLi/Q):  7.53E+00
2 SIGMA ERROR: 1.36E+00
MIN DET ACT: 3.47B+00
,37.01  5179-002 SOLID
1SOTOPE : K-40
ACTIVITY (pCi/G) : 1.20E+01
2 SIGMA ERROR: 1.89E+00
MIN DET ACT: €.47E+00
$37.01  5179-003
ISOTOPE :
ACTIVITY (pCi/G) :
2 SIGMA ERROR:
MIN DET ACT:
ISOTOPE : TH-228
ACTIVITY(pCi/G):  5.43E+02
2 SIGMA ERROR:  6.14B+01
MIN DET ACT: 3.87E+01

1994 -May-31
SAMPLE SAMPLE
SIZB DATE/TIME
4.500B4+01 G 1994 -May-22
12:00:00
PB-212 RA-22§ RA-228
1.56B+00 1.24B+00 NON-
1.40B-01 1.158-01 DETECT
2.01B-02 1.89E-01 1.12B+00
N
4.500R+01 G 1994-May-22
12:00:00
RA-226 RA-228 TH-228
HoN- NON- NON-
DETECT DETECT DEBTECT
3.34E-01 1.62E+00 1.74B+01
4.500E+01 G 1994-May-22
12:00:00
PB-212 RA-226 RA-228
1.B4E+00 1.78E+00 NON-
1.60E-01 2.12E-01 DETECT
1.55E-01 2.35ge-01 1.14E+00
4.500E+01 G 1994 -May-22
"_ 1'7 12:00:00
TL-208 PB-210
1.31E+02 5.30B+01
3.92E+00 8.45E+00
.53B+00 7.93E-01 9.68EB+00
TH-230 TH-234
NON- 6.59EB4+01
DETECT 6.60E+00
1.49E+02 8.17E+00

DETECT1

PB-212
3.22B+02
1.19E+01
1.15E+00

‘u-234
NON-
DETECT
3.92E+02

$37.01 BATCH NUMBER: 38537
COUNT

DATE/TIME
1994 -Jun-06

09:46:57

TH-230 TH-234 U-234 U-235

NON- NON- NON- NON-

DETECT DETECT DETECT DETECT
1.86E+01 1.76R+00 S.72E+01 6.98E-01
1994-Jun-06

09:46:57

TH-234 U-234 uU-235

»ON- NONW- NON-

DETECT DETECT DETECT
3.61E+00 7.23E+02 1.18B+00
1994-Jun-06

09:46:56

TH-230 TH-234 U-234 U-235

NON - NON- NON- NON-

DR IECT DETECT DETECT DETECT
1.57E+01 1.92E+00 5.51E+01 6.14E-01
1994-Jun-06 ;‘_.q's

10:52:02 q-

BI-212 RA-22 RA-224 RA-226 RA-228
2.71E+02 6.76 3.93E+02 6.07B+01 4.18E+02
1.12E+01 3. 4.39E+01 1.85E+00 1.22B+0)
7.10E+00 3 1.26B+01 1.48B+00 1.92E+00

v-23§

NON-

DETECT

4.61E400
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PROJ . SAMPLE MATRIX SAMPLE SAMPLE DETECTOR COUNT
NO. SIZB DATE/TIME NO. DATE/TIME
537.01 $179-004 SOLID 4.500B+01 G 1994 -May-22 DETECT2 1994-Jun-06
12:00:00 fs 10:52:01
g_
) ISOTOPE: TL-208 PB-212 BI-212 -1 RA-226 RA-228 TH-228 TH-230 TH-234 U-234
ACTIVITY (pCi/G) : 1.75B+01 4.85E+01 3.41E+01 9.78E+00 5.39EB+01 1.06E+02 NON- 3.59E+01 NON-
2 SIGMA ERROR: 7.01E-01 2.10E+00 2.82E+00 5.54E-01 2.02E+00 2.13E+01 DETECT 4.55E+00 DETECT
MIN DET ACT: 4.83E-01 8.17E-01 3.80B+«00 8.72E-01 1.15E+00 3.74E+01 2.48E+02 6.90E+00 1.85E+0)
1SOTOPE: U-235
ACTIVITY (pCi/G) : NON-
2 SIGMA ERROR: DETECT

MIN DET ACT: 2.83B+00

537.01  5179-005 SOLID 1994 -May-22 1994-Jun-06
{27 12:00:00 10:52:02
ISOTOPE:  K-40 CcE-139 CE-141 TL-208 PB-212 BI-212 RA-224 RA-226

2.73E+00 5.59E+00
5.07E-01 1.08E+00
9.0SE-01 1.47E+00

ACTIVITY (pCi/G) : 1.49E+02 2.81
2 SIGMA ERROR: 2.08E+01
MIN DET ACT: 1.55E+01

S.44E+02 1.25E+03 1.16E+03 1.66E+03 1.62E+02
3.07E+01 6.06E+01 8.12E+01 2.44E+02 9.18E+00
1.66E+00 1.93E+00 1.41E+01 2.14E+01 2.65E+00

ISOTOPE : RA-228 TH-228 TH-230 TH-234 PA-234 U-234 U-235
ACTIVITY (pCi/G) : 1.85E+03 2.04E+03 NON- 1.5%E+02 5.79E+02 NON- NON-
2 SIGMA ERROR: 1.22E+02 2.03E+02 DETECT 1.99E+01 1.05E+02 DETECT DETECT

MIN DET ACT: 4.47E+00 6.45E+01 2.52B+02 1.36E+01 2.36E+02 6.79E+02 7.96E+00

337.01  5179-006 4.500E+01 G ‘IJ 1994 -May-22 DETECT1 1994 -Jun-06 s
e 12:00:00 12:05:50 gt
ISOTOPE: TL-208 PB-210 PB-212 BI-212 RA-224 RA-226 RA-228
ACTIVITY (pCL/G) : 2.01E+01 1.83E+01 S.63B+01 4.18E+01 4.85E+01 1.51E+01 6.55E+01
2 SIGMA ERROR: 6.81E-01 3.04B+00 1.98B+00 2.41R+00 9.63E+00 S.68E-01 2.29B+00
MIN DET ACT: 3.61E-01 4.13E+00 5.29E-01 3.06B+00 S.80E+00 6.1SE-01 8.66E-01
1SOTOPR: TH-234 U-234 u-235
ACTIVITY (pCi/G) : NON- NON- NON-
2 SIGMA ERROR:  1.32B+01 DETECT DETECT DETECT

MIN DET ACT: 1.64B+01 3.59E+00 1.73E+02 1.93E+00

537.01 5179-007 SOLID 4.500E+01 G 1994 -May-22 DETECT2 1994 -Jun-06
12:00:00 12:05:50
Al
ISOTOPE: TL-208 PR-212 BI-212 RA-226 RA-228 TH-228 TH-230 TH-234 U-234 U-23s
ACTIVITY (pCi/G) : 1.96E+01 §.53E+01 4.06E+01 1.139E+01 5.96E+01 NON- NON- NON- NON- NON-
2 SIGMA ERROR: 8.38E-01 2.42E+00 3.13E+00 6.07E-01 2.10E+00 DETECT DETECT DETECT DETECT DETECT
MIN DET ACT: S5.43E-01 8.92E-01 4.6BE+00 9.29E-01 1.47E+00 5.31E+01 2.69E+02 7.20E+00 2.04E+03 3.12E+00

0000002



PROJ. SAMPLE
NO.
537.01 5179-008

ISOTOPE:
ACTIVITY (pCi/G) :
2 SIGMA BRROR:
MIN DET ACT:

ISOTOPE:
ACTIVITY (pCi/G) :

2 SIGMA ERROR:
MIN DET ACT:

MATRIX

SOLID

K-40
3.51E+01
S.97E+00
7.79E+00

TH-228
4.38E+02
6.31E«01
3.37E+01

PB-210
3.39E+01
7.94E+00
8.40E+00

U-235
NON-
DETECT
4.10E+00

RA-226
4.72E+01
2.74E+00
1.32E+00

RA-228
4.43E+02
2.95E+01
1.97E+00

537.

01 5179-009%

1SOTOPR :
ACTIVITY (pCL/0) :
2 SIGMA BRROR:
MIN DET ACT:

ISOTOPR :
ACTIVITY (pCi/G) :
2 SIGMA ERROR:
MIN DET ACT:

.01 $179-010

ISOTOPE:
ACTIVITY (pCi/G) :
2 SIGMA BRROR:
MIN DET ACT:

ISOTOPE:
ACTIVITY(pCi/G) :
2 SIGMA ERROR:
MIN DET ACT:

.01 5179-011

ISOTOPE :
ACTIVITY (pC1/G) :
2 SIGMA ERROR:
MIN DET ACT:

7.178B+00 ¢,
1.21E+01

K-40
8.51E+01
4.02E+01
1.07E+01

SAMPLE SAMPLE
SIZE DATE/TIME
4.500B+01 G 1994 -May-22

2:00:00
1-129 TL-208
§.78E+01 O 5.3 1.34E+02
2.43E+01 7.83E+00
1.61E+00 8.15E-01
TH-230 TH-234 U-234
NON - 8.03B+01 NON -
DRTECT 9.75B+00 DETECT
1.42B+02 6.97B+00 3.61E+02
4.500B+01 G 1994-May-22
12:00:00
TL-208 PB-210
1.278+02 31.06E+01
3.0828+00 7.23B+00
7.98B-01 9.56B+00
TH-234
7.38E+01
6.76B+00
7.96E+00
4.500E+01 G 1994 -May-22
12:00:00
TL-208 PB-212
1.68E+02 3.61E+02
4.13B+00 1.55B+01
1.43B+00 2.31E+00
U-234 U-23s
NON- NON-
DETECT DETBCT
5.228B+03 8.14E+00
4.500E+01 G 1994 -May-22
12:00:00
CE-141 TL-208
3.44E+00 2.88E+02
8.21B-01 1.65E+01
1.04E+00 1.15E+00

PB-212
3.19E+02
1.19B+01
1.09B+00

u-234
NON-
DETECT
3.81E+02

DETECT2

BI-212
2.99E+02
1.26E+01
1.314E+01

PB-210
3.93E+01
9.4BE+00
1.16E+01

COUNT
DATE/TIME
1994 -Jun-06
12:05:49
PB-212 BI-212 RA-224
3.52E+02 2.64E+02 4.06E+02
1.59E+01 2.16B+01 7.01E+01
9.55E-01 6.99E+00 1.05E+01
1994-Jun-06 %S
13:25:47 .25
BI-212 RA-224
2.57E+02 3.04E+02
1.23E+01 3.69E+01
6.73E+00 1.208+01
u-23%
NON-
DBTECT
4.53B+00
1994-Jun-06 S/QS
RA-226 RA-228
9.26E+01 4.7SE+02
2.72E+00 1.17B+01
2.46E+00 3.70E+00
1994 -Jun-06
13:25:47
pB-212 BI-212 RA-224
7.54E402 5.79E+02 9.64E+02
3.26E+01 4.81E+01 1.17E+02
1.28E+00 9.75E+00 1.40E+01

0000003

RA-226
4.14E.01
1.32B+00
1.45B+00

TH-228
7.60E+02
7.13E+01
1.07E+02

RA-226
3.91E+01
2.88E+00
1.B4E+00

RA-228
4.12E+02
1.10B+01
2.06E+00

TH-230
NON-
DETECT
6.79E+02

RA-228
9.65E+02
6.32E+01
2.8BE+00




PROJ. SAMPLE

NO,

ISOTOPE:
ACTIVITY (pCi/G) :
2 SIGMA BRROR:
MIN DBT ACT:

DETECTO
NO.

U-235
NON-
DETECT
5.75E+00

PAGE: 4

537.01 5179-012

ISOTOPE :
ACTIVITY (pCi/G) :
2 SIGMA ERROR:
MIN DET ACT:

ISOTOPE :
ACTIVITY{pCi/G):
2 SIGMA BRROR:
MIN DET ACT:

1SOTOPE :
ACTIVITY (pCi/G) :
2 SIGMA ERROR:
MIN DET ACT:

1SOTOPE :
ACTIVITY {pC1/G) :
2 SIGMA ERROR:
MIN DET ACT:

PB-212
5.74E+02
2.10E+01
1.54E+00

U-234
NON-
DETECT

DETECT2

RA-226
1.70E+01
7.03E-01
1.03E+00

RA-228
7.41E+02
2.12E+01
3.09E+00

U-224
NON-
DETECT
2.11E+03

000.01 BLK38537

ISOTOPE:
ACTIVITY (pCi/G) :
2 SIGMA ERROR:
MIN DBT ACT:

DETECT4

TH-234
NON-
DETECT
1.37E+00

LCS38537
’

ISOTOPE:
ACTIVITY (pCi/G) :
2 SIGMA ERROR:
MIN DET ACT:

ISOTOPE :
ACTIVITY (pCi/G) :
2 SIGMA ERROR:
MIN DET ACT:

MATRIX SAMPLE SAMPLE
SIZE DATE/TIME
TH-228 TH-2230 TH-234 U-234
1.16B+03 NON- NON- NON-
1.478+02 DETECT DETECT DETECT
4.78E+01 1.95B+02 1.25B+01 4.928+02
SOLID 4.S00B+01 G 1994 -May-22
wa-}’r"/ 12:00:00
TL-208 PB-210
2.30E+02 1.04E+02
€.64E+00 1.66E+01
1.14B+00 1.26B401
TH-228 TH-230 TH-234
9.36E+02 NON- 1.21B+02
7.91B+01 DETECT 1.20E+01
5.05B+01 1.94E+02 1.07B+01 A)
SOLID 4.500E+01 G 1994 -May-23
/(/7)0(1,7,5/ 12:00:00
TL-208 PB-212 pI-212
. 1.92E+01 5.43E+01 3.81E+01
5, 8.35E-01 2.65E+00 3.58E+00
 64E+00 5.B6E-01 9.70E-01 5.15E+00
U-235
NON-
DETECT
3.14B+00
SOLID 4.500B+01 G 1994 -May-31
12:00:00
RA-226 RA-226 TH-228 TH-230
NON- NON- NON- NON-
DETECT DETECT DETECT DETECT
3.18E-01 6.04B-01 3.68B+00 1.13E+01
SOLID 4.500B+01 G 1994 -0Oct -01
12:00:00
€0-57 0-60 Y-88 CD-109
8.43E+02 1.86B+03 1.06E+03 3.31B+04
3.278+01 5.83E+01 4.27E401 1.72E+03
2.53E+00 €.72E+00 5.42E+00 7.24E+01
TH-228 TH-230 TH-234 U-234
NON- NON- NON - NON -
DETECT DETECT DETECT DETECT
2.70E+02 9.14E+02 4.83E+01 3.23E+03

SN-113
6.99E+02
3.56E+01
S.06E+Q0

U-213%
NON -
DETECT
2.23E+01

RA-228
NON-
DETECT
2.083E+01

COUNT

DATE/TIME
1994 -Jun-06

14:35:55 q,z?qs

BI-212 RA-224 RA-226
4_66E+02 6.31E+02 1.31E+02
1.86E+01 8.64E+01 3.49E+00
9.13E+00 1.71E+01 1.94E+00
U-235

NON-

DETECT
6.18E+00
1994 -Jun-06

14:35:55

RA-228 TH-228 TH-230 TH-234
8.34E+01 NON - NON- NON-
3.12E+00 DETECT DETECT DETECT
1.40E+00 5.19E+01 2.82E+02 7.36E+00
1994-Jun-06

14:59:19

U-234 U-235

NON- NON-

DETECT DETECT
3.95E+01 4.88E-01
1994-Jun-06

16:06:15

€s-117 CE-139 HG-202 RA-226
1.51E+03 4.12E+02 6.78E+01 NON -
7.74E4+01 2.27E+01 3.92E+00 DETECT
6.41E+00 2.60E+00 3.28E+00 8.63E+00
AM-241
31.52E+03
3.19E+02
226100 0000004

e B



